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) Pouring “pigs” at 
Our new blast fur- 
nace—the most mod- 
ern in America 


s in Steel Manufacture 


Parallels Progress in Metallurgical Science 


OR many years our laboratories have 


been famed for their contributions to the 
art of metallurgy. And our mills, too, have an 
enviable reputation for the modern methods 
and equipment employed in, making Agathon 
Alloy Steels. In addition, every employee is 
imbued with the spirit of painstaking care in 
every step of production, Such a combination 
of skill, up-to-date equipment and modern 
methods. is bound to result in alloy steels that 
adhere strictly to formula and are, absolutely 
uniform in\texture, providing substantial sav- 
ings in subsequent operations. Have you a 
copy of our Agathon Alloy Steel handbook? 


We have daily produc 
tion in our two com- 
pletely equipped plants 
at Massillon and Canton 
in all kinds of Agathon 
Alloy Steels, such as: 
Nickel, Chrome- Nickel, 
UMA, Molybdenum 
Chrome-Molybdenum, 
Nickel-Molybdenum, 
Vanadium, Chrome-Va- 
nadium, Chromium, etc. 


Deliveries in Blooms, 
Billets, Slabs,Hot Rolled, 
Heat Treated, and Cold 
Drawn Bars, Hot Rolled 
Strips, etc. 


Central Alloy Steel Corporation, Massillon; Ohio 


World’s Largest and Most Highly Specialized A lloy Steel Producers 
Makers of Toncan Copper Mo-lyb-den-um Iron 
Cleveland Detroit Los Angeles St. Louis 


Syracuse Philadelphia el York Seattle 
San Francisco . Chicago Cincinnati 
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American Society for Steel Treating 


. Xi JUNE, 1927 


A TWO-FOLD TRIUMPH 
pyar CHARLES A. LINDBERGIT, the hero of all 


nations, has without any question of a doubt performed the 
most spectacular feat for a single individual in all of the history 
of man’s achievements. A modest, fearless, energetic and coura 
veous American youth, he has accomplished what no other human 
heine has ever been able to accomplish. The feat which he per- 
formed, single-handed, was one which has claimed the lives of 
several American air pilots and the two courageous French aces, 
Nungesser and Coli. In the face of the tremendously overwhelming 
odds. factors which might cause failure and disaster in the attempt 
tomake a non-stop flight from New York to Paris in a heavier-than- 
air monoplane, Captain Lindbergh with full confidence in_ the 
ability of his Ryan monoplane, propelled by the marvelous Wright 
J-5C ‘* Whirlwind’’ engine, was willing to stake his life to prove to 
the world that such a feat could be successfully performed. His 
previous training and experience in the air-mail service fitted him 
admirably for this supreme test of endurance and capacity for 
sustaining the hardships of a 34-hour flight over land and water 
for a distance of nearly 4,000 miles. 

The spontaneous enthusiasm which has characterized his re- 
ception in England and France and the unanimous approbation of 
all Americans 1s more than significant that all of the world con- 
sider this achievement as the greatest that has ever been attained. 
His marvelous flying sense and his super capacity in navigating 
his ship has thrilled all mankind, and we are unstinting in whole- 
souled praise of Captain Lindbergh’s success. We admire him, 
honor him and praise him. 

We are, however, not unmindful of a secondary triumph which 
has been performed in the success of this flight. It is a triumph 


in engineering and one which Captain Lindbergh has put foremost, 
the mechanical perfection of his plane. How natural it must be 


843 





S44 TRANSACTIONS OF THE A. 8. 8. T. 


for him to regard his airplane as a living companion on 
and how unaffected has been his use of the editorial ‘* jw, 
ing the credit with his mechanical accomplice. 

Since the accomplishment of this successful endeavor 
of the entire world has devoted much space in recogit 
Hight. No doubt all of the details of all phases of this a 
ment have already been discussed, but perhaps not complet. 
the light of the engineering achievement. While it is 
Captain Lindbergh flew alone across the Atlantic Ocean, }y 
have many silent partners. These partners were the engineers 
designers, the mechanies, the metallurgists and steel treaters 
through years of experience and development, have made it poss 
to construct an engine and the necessary accompanying accesso 
and instruments that could and would function successfully 
long continuous operation. The 508 pounds of metal, alloy 
worked and heat treated to such a degree that it was capabl 
lifting a total weight of 5150 pounds off the ground and 
it nearly 4000 miles at an average speed of 100 miles per ho 
nothing short of marvelous. This is the accomplishment 0! 
200-horsepower Wright ‘*‘ Whirlwind’’ engine, air-cooled, ot 
fixed radial type with nine cylinders. The metallurgist had 
to do with this 500 pounds of metal. It is indeed a metallure 
achievement wherein more than 100 companies participated 
furnishing materials, parts or service. Practically every important 
American industry participated in the manufacture of thi 
plane, 

The valves were of the salt-filled type, made of heat treate 
tungsten steel. The pistons were made of a_ heat treated 
aluminum alloy. The crankshaft, connecting rods, wrist pins an 
other steel parts were of alloy steel, heat treated to obtain the hig! 
est performance possible. It is gratifying to realize that 
members of the A. S. S. T. contributed directly to the suce 


Captain Lindbergh's suecess of successes. 


VOLUME XI COMPLETED 


HIS issue of TRANSACTIONS completes Volume XI which covers t! 

from January, 1927, through June, 1927. Volume XII will in 
period from July, 1927, through December, 1927. The index for Vi 
is now ready and may be secured upon request. 

Those desiring to have their loose copies of Volume XI bound 
ance with the style used in binding Volumes I-X inclusive, may do s 
warding them to the executive offices of the Society, 4600 Prospect \ 
Cleveland, together with $2.00, and they will be bound and returned 
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COMPARISON OF THE ALLOYING ELEMENTS CHRO- 
MIUM, NICKEL, MOLYBDENUM AND VANADIUM 
IN STRUCTURAL STEELS 


By H. 








J. FRENCH 





Prefatory Abstract 





{1 brief discussion is given of the effects of chro 
ium, nickel, molybdenum and vanadium in structural 
steels. Comparisons are made of commercial low-alloy 
steels contaning one or more of the specified elements 
on the basis of their making and shaping, machining, 
heat treatment, etc. The current high-alhoy content 
steels for resisting corrosion or high temperatures are 
described and consideration give nto wear as affected by 
each of the elements, chromium, nickel, molybdenum and 
ranadium., The report Is a condensed SUMIMALY of am 
portant characteristics of alloy steels containing the spe 
cifiled elements and is illustrated by practical applica 











rans, 


. INTRODUCTION 











| \ THE following discussion the term ‘“‘structural steels’” ap 
plies to those steels which are used primarily in structural 
embers (not only in buildings, bridges ete., but also in machines 
nd the like) as distinet from the group which is employed in the 


itting and forming of metals, customarily referred to as_ tool 







steels 


lt is also necessary to restrict the discussion of alloying ele 
ments to those in most common use, chromium, molybdenum and 
vanadium. It is only fair to point out, however, that the cheaper, 


nore prosaic and lowly elements, manganese, silicon and perhaps 





opper, When used in amounts larger than those in which they 





appear in plain earbon steels, are also alloying elements. They 







onfer upon steel, to a more or less marked degree, attributes 
‘inilar to those conferred by the ‘‘four horsemen.’’ It is a fair ques 
tion whether manganese, at least, does not deserve attention equal 
to that paid the four elements upon which comment will be made. 

Consideration of the effects of these four elements only and 






shed by permission of the Director, Bureau of Standards, Washington 






\ paper presented before the Pittsburgh Chapter, March, 1927. The 
or, H. J. French, is senior metallurgist, department of metallurgy, Bureau 
tandards, Washington. 
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in structural steels, only, opens a broad field and the sub 
with the restrictions mentioned can seareely be consid 
great detail within the space allotted. It would, theref; 
advantageous to further restrict the discussion ta the 


NPan 


effects of these elements upon iron and iron-carbon alloys and ¢, 
emphasize some few outstanding characteristics or important a) 
plications of the commercial products. 

During recent years the types commercially produced 
ereased in number, and there has been a gradual but importay 
broadening of their fields of application. This has been directed 
not only to use in structures subjected to severe service, involving 
fatigue, high temperatures, corrosion or wear, but engineers hay, 
considered more extensive application of them, often as a means 0! 
saving weight under the more ordinary requirements which chief} 
involve static stress. With such a broad field to cover it is 
possible to diseuss all of the important types of steel nor can co 
sideration be given to more than a few of the principal character 
isties of any one group. Little new information is given, but data 
have been selected to give a picture of the field with respect to th 
nature and properties of current structural alloy steels containing 
one or more of the four elements under discussion. 

Until recently, alloy steels of this group have contained 1 
atively small proportions of the alloying elements, amounting 
not more than about 5 or 6 per cent in any given type. Ther 
were, of course, some notable exceptions such as the Hadfield ste: 
which contains about 14 per cent of manganese, and some of thi 
high nickel steels, but in general only small proportions of special 
elements were used in the commercial steels. While low allo) 








content steels still account for the largest proportion of alloy ste 
tonnage there is for severe service a noticeable trend toward 
wider application of steels containing high proportions of special 
elements because of the special properties secured. In the succeed 


ing discussion these two groups will be considered separately. 








Il. IMporRTENT EFFECTS PRODUCED IN STEELS BY CHROMIUM, 
NICKEL, MOLYBDENUM AND VANADIUM. 


Little space need be given to a detailed discussion of th 
effects of chromium, nickel, molybdenum or vanadium upon tli 
constitution, thermal critical points and associated properties 0! 
steels, for these subjects are discussed in most texts relating 
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metallurgy or heat treatment. There are, however, a few 

ding features which can he considered to advantage as 

hoy will help form a picture of the relative usefulness and major 
ences of each of the specified elements. 


\s shown in Table I, nickel is used in larger percentages in 


















Table I 


Some Important Features of Nickel, Chromium, Molybdenum and 
Vanadium Steels 





Special Nickel Chromium Molybdenum Vanadium 
ent Per Cent Per Cent Per Cent Per Cent 
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ommercial steels than either chromium, molybdennm, or vana- 





uum. Chromium, however, is now a close second in this respect, 
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Whereas molybdenum and vanadium have been held 
amounts in the structural steels. 

These four elements again fall into the same two ero 
considering their use alone or in combination with other 
Nickel and chromium are used either alone or 





With othe) 










Fig. 1—Delaware River Bridge, Completed in 1926, in 
3 per cent Nickel Steel was used in the Stiffening Trusses (( 
esy of International Nickel Co.) 























elements in steels, whereas molybdenum and vanadium are most 
often used in combination with metals like chromium, nickel, mar 
ganese, ete. When in such company they are often credited wit! 
the ability to itensify the effects of their companions. 

One of the most important effects of small additions of nick 
to steels is the increase in strength or hardness obtained with: 


appreciable decrease in ductility. This is observed with 3 
per cent of nickel in hot-finished as well as heat treated alloys ai 
in low earbon as well as medium earbon steels. On this account 
nickel is one of the special elements used in steels rolled int 
structural shapes. A comparatively recent application in this 
field is found in the construction of the Delaware River Bridge, 
photograph of which is shown in Fig. 1.) This bridge was con 
pleted during 1926. Structural steels containing 3 per cent nick 
were used in the stiffening trusses. 

Nickel. Nickel is soluble in all proportions in iron in bot! 
liquid and solid states and in steels is, therefore, in solid solutio 
the ferrite. It lowers the temperatures of the transformations 
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ranges) on both heating and normal slow cooling. With 


1) 
(} 


per cent nickel the eritical ranges occur at atmospheric 
mperatures. 

Low temperature critical ranges permitting low hardening 
mperatures are advantageous as under such conditions, the steel 
has less tendeney to distort and to seale. lLlowever. these features 
re more often less important than the improved mechanical prop 
opties of the nickel steels already referred to. 

Chromium. Chromium is a earbide-forming element and com 
ines With the carbon in steels to form what is probably an iron 
hromium-carbide. Under these conditions it is only natural that 
the effects of chromium should be quite largely dependent upon 
the carbon present in the steel. Chromium steels are quite gen 
erally ‘sluggish’? in their reactions as shown by the fact that the 
\, point is raised on heating and lowered on normal slow cooling. 
One of the outstanding characteristics of steels containing’ l to 2 
ner cent chromium and appreciable proportions of carbon is their 
high hardness or resistance to permanent deformation when in 
the hardened conditions. In large proportions chromium confers 
ipon steels exceedingly valuable corrosion-resistant and heat-re 
sistant properties which will later be referred to in greater detail. 

Volybdenum. Molybdenum which is one of the recent addi 
tions to the list of special elements found in commercial structural 
steels, is unique In its ability to confer ‘‘air-hardening properties”’ 
on steels when added in such small proportions as, with most 
other elements, would hardly cause any noticeable effect. While 
commercial molybdenum steels are of comparatively recent origin, 
some of the beneficial effects produced by molybdenum in structural 
steels Were known or suspected many vears ago. 

Vanadium. Vanadium is the least important of the four 
metals under eonsideration and is used only in small doses in 
structural steels. In the proportions normally present it is con 
sidered to be partly in the ferrite and partly in carbide. It is very 
effective in keeping grain size small in both castings and forgings, a 
leature Which appears to be concomitant with high elastic prop- 
erties. These characteristics make annealed vanadium. steels, 
particularly in large sections where quenching would introduce 
serious difficulties, useful in the production of large forgings such 
as the submarine crankshaft shown in Fig. 2. Cast vanadium 


t 
Site 


Is have been quite widely used in locomotive frames, a typical 
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example of which is shown in Fig. 3. While these and n 
applications can be cited for vanadium structural steels. 
important fields where vanadium is losing ground. 
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Fig. 2—Submarine Crankshaft made from an Annealed Vanadium Steel 
by Erie Forge Company, Erie, Pa. (Courtesy Vanadium Corp. of America.) 

Pins and Journals, 12% inches; Bore, 4% inches; Throw, 10} inche 
Teet, Ske inches. 

Chemical Composition:—Carbon, 0.389% ; Manganese, 0.58%;  \ 
Approximate average properties: Tensile strength, 78,000 pounds pe 
Point, 46,000 pounds per square inch; Elongation, 31.5 per cent in 
of Area, 58.5 per cent. 





Fig. 3—Cast Vanadium Steel Locomotive Frame. Manufactured by) 
ings Co., Pittsburgh, Pa., for the Norfolk and Western Railway. (( 
Corp. of America.) 

Finished casting 32% feet long, weight 12,000 pounds 
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teference has frequently been made to the powerful ‘‘cleans- 

‘tion of vanadium, but its value in this direction would 
to be largely a question of the purpose for which the finished 





Photomicrographs Showing the Effect of Mold Additions of Vanadium or Alumi 
le Structure of Low Carbon Steel in the McQuaid-Ehn Carburizing ‘Test (Courtesy 
Epstein, Bureau of Standards.) 

te the similarity in stuctures of the steels treated with aluminum and 
ngots from one heat made in regular production. Ladle test 0.14 


per cent carbon, 0.44 
Inanganese, Fig. 4A—Steel of above analysis as cast Fig. 4B—Steel of same 
by 


it with addition of 0.04 per cent aluminum. Fig. 4C——Same steel but with addi 
per cent vanadium. 


n th 
ferrovanadium., 
1 


steel is desired. For example, treatment of low-carbon steel in 
the mold with ferrovanadium was found by Epstein’ to produee 
the fine grain and divorced cementite in the MeQuaid-Ehn  ear- 
durizing test, shown in Fig. 4, and the tendency toward formation 
of “soft spots’? in ordinary water quenching, characteristic of 
“abnormal”? steels. The cause of such effects is still obscure but is 


thought to be associated with the erystallization centers offered by 


1 


blished test data secured at the Bureau of Standards. See also S mpstein and H, §. 
Progress in Study of Normal and Abnormal Steel Preprint of paper presented at 
nal Meeting, American Society for Steel Treating, Washington, D. C., Januari 
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vanadium compounds, ordinarily in too fine a state of ¢ 
be seen under the microscope, which do not coagulate 
vanadium is added in the mold. Such compounds may 
dium carbides, oxides or nitrides. 


Ill. Low AuLoy ConTentr STeets AS A Crass 





Generally speaking, none of the metallic elements oy 
added in small proportions to iron, is as effective a hardeyey - 
carbon. Thus while the addition of about 1 per cent of chrom; 
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nickel, molybdenum or vanadium to iron low in earbon or 
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Fig. 5—Effect of 1 to 2 per cent of Syecial Elements on tl! 
Tensile Properties of Iron (after Hadfield, based on data obt 
by Arnold). Data for Molybdenum and Vanadium added by) 
author. 

























containing moderate amounts of carbon increases tensile streng!! 
and hardness in the cast, normalized or ‘‘natural’’ conditions, this 
increase in strength and decrease in ductility is not of the sam 





order as that produced by similar additions of carbon. ‘This has 





long been known and is illustrated in Fig. 5 in which are sw 
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a eraphically experiments recorded by Arnold? over thirty 
coaps ago, together with data for vanadium and molybdenum 
added by the writer. 

When considering quenched or quenched and tempered steels, 

somewhat different condition is found. While it is possible to 
produce high strength in plain earbon steels, this is accompanied 
hy a marked decrease in toughness, whereas in the alloy steels the 
high hardness produced by quenching is not obtained at such a 
vpeat sacrifice of toughness. It is largely for this reason that the 
illoy steels have found important applications in automotive, ord- 
nance and machine construction. Mere strength and hardness, 
—e., resistance to permanent defermation are rarely the sole re- 
uirements in structural work because, aside from the stresses 
vhich are normally encountered, most engineering structures may 

some time or another be subjected to shocks or overloads that 
vould be dangerous to brittle materials. Under such conditions, 
toughness, a high degree of ductility in addition to strength, is 
important and represents an insurance factor which should not be 
neglected. 

The commercial low alloy content steels containing one or more 
of the elements chromium, nickel, molybdenum, or vanadium, which 
lave been so intimately connected with the development of the 
automotive industry are well standardized despite the occasional or 
even frequent applications of special compositions to meet specific 
requirements. This group is so well known that typical composi- 
tions need not be reproduced in this report*. These steels are 
primarily of interest for their mechanical properties which will 
therefore be the basis for comparison. 

Disregarding for the present all questions of cost, the low 
alloy structural steels may be said to be interchangeable to a large 
degree insofar as their mechanical properties are concerned. Such 
interchangeability with respect to hardness, combinations of ten- 
sile strength and ductility, resistance to impact or fatigue ete., can 
only be obtained, however, by suitable regulation of the added 
elements, particularly in relation to the carbon content of the 


steel, combined with appropriate modifications in heat treatment. 





J. O. Arnold: The Physical Influences of Elements on Iron, Journal, Iron and Steel 
Mstitute, 1894, Part I, page 107. 













Kifer to the specifications of the Society of Autometive Engineers, 29 West 39th Street, 
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Their Mechanical Properties 


A complete study of this question in the light of exist 
was recently made by Gillett and Mack*, and some of ¢! 
assembled by them will serve to support and amplify this 


Typical results obtained in small sections in the heat treatime; 
steels containing different combinations and proportions o{ 
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Fig. 6—Relation between Endurance Limit and Tensile Strength for Carbon a: \ 
Steels varying widely in Chemical Composition (after Gillett and Mack). 


ing elements are given in Table II and Fig. 6. In many cases 
cited in Table II, it has been possible to produce, for all practical 
purposes, the same tensile properties by modifying the heat treat 
ment to suit the selected composition. This applies not only to ten 
sile strengths in the neighborhood of 100,000 pounds per square 
inch, but also to those in the neighborhood of 225,000 pounds per 
square inch or more. 
Similarly, it is shown in Fig. 6 that the endurance limits ol 
a wide variety of steels treated in various ways, fall within a 
fairly narrow zone about the smooth curve. Such differences as 
exist are due in part to difficulties in reproducing test conditions. 
But in any ease, there is, as shown in Fig. 6 and Table II, the 
practicability of substitution of some of these alloying elements 
or combinations of alloying elements for others. What then, are 
the factors other than cost, which may influence the selection of : 
particular type of structural alloy steel? 
To throw some light on this question, comparisons will be 
made of typical steels, such, for example, as 3.5 per cent nickel, | 


‘H. W. Gillett and E. L. Mack: Molybdenum, Cerium, and Related Alloy Steels, Th 
Chemical Catalogue Co., New York, 19265. 
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ner cent chromium, nickel-chromium, chromium-vanadium, and 


jhromium-molybdenum steels of the customary types. 


IV, SOME COMPARISONS OF THE CUSTOMARY NICKEL, CHROMIUM, 
({HROMIUM-VANADIUM, CHROMIUM-MOLYBDENUM AND 


NICKEL-CHROMIUM STEELS. 
l. Their making and shaping 

No great difficulties are encountered in the making and shap- 
ne of any of these steels although the nickel steels are more apt 
io be seamy than the chromium or chromium-molybdenum steels. 
\ccording to Camp and Francis’, the power required to shape the 
“istomary chromium-molybdenum steel at hot working tempera- 
tures is somewhat greater than that required under otherwise com- 
parable conditions for the customary nickel, chromium, and nickel- 
‘hromium steels. There was, however, no marked difference in 
these steels, (of forging grades containing about 0.35 per cent 
carbon), in the filling of passes in rolling nor in the tendency for 
surface defects to be rolled or forged out. The retention of rela- 
tively high hardness at high temperatures by the steels containing 
molybdenum is associated with other useful properties to which 
reference will be made later. 

While differences are found in the mechanical properties at 
hot working temperatures, they are not large as is indicated in 
Mig. 7. In place of compression or Brinell hardness tests such as 
were carried out by Camp and Francis, these results were obtained 
in single-blow drop tests, and represent conditions more nearly 
comparable to drop forging. The relatively small differences be- 
tween the structural steels will be evident by comparison with the 
‘urves for a high speed tool steel. 

These comparisons are in general agreement with practical 
experience in drop forging, but do not throw light upon important 
differences which are not closely connected with the actual processes 
of deformation but rather with the heating and cooling cyele. 
Cracked forgings may frequently be traced to a poor surface con- 


dition of the billets, and hence any characteristic which promotes 
xood surface proves advantageous from the standpoint of commer- 
cial shaping of the structural steels. The tendency for the nickel 
steels to show seams means a tendency toward poor surface, and, 


1. M. Camp and C, B. Francis: The Making, Shaping and Treating of Steel, 4th Edn.. 
, Carnegie Steel Company, Pittsburgh. 
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without suitable precautions, more trouble with defeectiy. 
ings than when using the chromium-molybdenum or 
vanadium steels. 


chro 


Another factor in favor of the molybdenum steels rel» 
the formation of seale at rolling or forging temperatures. J 


scale formed on the nickel steels, and to a lesser deeree 
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Fig. 7—Comparison of Different Steels in Single 
blow Drop-tests Carried out at Hot Working Tempera- 
tures. 





nickel-chromium steels, adheres more firmly to the surface of the 
metal. This makes it more difficult to secure well-finished bars or 
forgings. Thus the free-scaling properties of carbon and _ the 


chromium-molybdenum steels is sometimes a distinct advantage. 
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Kase of machining has been one of the outstanding superior- 
‘fies claimed for the chromium-molvybdenum steels, but in at least 
ase such steels were being used in a much softer condition than 
he steels With which they were being compared. 
ons improved machining qualities can scarcely be credited solely 
to the type of steel. 

Whether or not the chromitum-molybdenum or other molybde- 
im steels are really better than other alloy steels from the stand 


oint of machining, such an impression has been created in many 


iarters, and 
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Their machining properties 


STRUCTURAL STEELS 





therefore. be of 





Under such eondi- 


to examine 


rt of information upon which such opinions are based. 


One of the main difficulties in dealing with this question is 


it there is*no single and definite criterion of machinability. 


arious cutting operations, tool life, the power required to cut, 
he character of finish produced on the work, the permissible cut- 
ting speeds, ere.., 
ors in What is covered by the term machinability. 
omplexity of the situation proponents of molybdenum steels have 
their faith in production records which broadly indicate that 
the over-all cost of machining is less with one type of steel than 


th another. 


the percentage of saving varies not only in different operations in 


may individually or collectively be important fae- 


Because of the 


Study of such records as are available indicates that 


ne plant but for similar operations in different plants. 


There is, 


learly distinguished 
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ut under earefully controlled conditions. 
ind Francis’, report as follows: 


tained would 


Ss for example, 
\merican Society 





See foot note 5 





differential 





Pierce: Molybdenum 
for Steel Treating, 


the earbon 


Vol. 5, 


however, in published records of this sort® a quite 
favor of the molybdenum 
On the other hand, it is not easy to find confirmatory test 
lata which are based on experiments known to have been carried 


Kor example, Camp 







‘Threading and turning tests, approaching uniform lab- 
oratory conditions, were made, in which it was attempted to 
indicate relatively the ease with which the different steels 
can be machined in terms of the power required to perform 
| definite amount of work. From the standpoint of reliable 
data, these experiments were disappointing, but the data ob- 
indicate that (0.45 per cent 
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carbon) is the easiest to machine, the chromium-molybde; 
is next, and that there is little difference among the othe, 
three (1 per cent chromium, 3.5 per cent nickel, low nick, 
chromium steels) .”’ 

Kxtensive rough turning tests using high speed steels 


14 
I} 


different carbon and structural alloy steels having tensile strejeth 


2— 0.3%C IF %Ni she/ 
O- 0.S%C. /.6%N:. 0.9% Cr 

X- Cr-Mo steels (03%C, 0.5 -1.0%Cr, O15 - 0.3 5Me) 
4 - 0.3%C./%Cr, ORV 

©-0.44%C 


er tka d.1 
















« Tensile eTrength - (000 1b. per 39. 179. 


#00 
Taylor speed -tt. pet minute 


Fig. 8—Relation of Taylor Speed to Tensile Strength in 
Rough Turning Quenched and Tempered Alloy Structural Steels. 
Tests were made with 4 inch x % inch Lathe Tools of 18 per 
cent Tungsten Type of High-speed Steel, Oil-quenched from 
2400 degrees Fahr. and Tempered at 1100 degrees Fahr. Nose 
radius % inch; Front and Side Clearance of 6 degrees; Side 
Slope 14 degrees; Back Slope 8 degrees. Tests made ‘“‘Dry’’ at 
9.028 inch Feed and ys inch Depth of Cut. 











between about 80,000 and 190,000 pounds per square inch (160 to 
400 Brinell hardness) were recently carried out by the writer and 
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ame of his associates*. A summary of a small part of these tests 
. given in Fig. 8 and shows that when machinability can be 
measured, aS in rough turning, by tool life (or conversely by the 


«uitting speed) then superiority of one steel in one range of hard- 





yess or tensile strength does not necessarily mean similar superi- 


Solid dines * ool tests 
on mckel steels 


Dotted /ines* Tool fas ts 
on chrom molybdenum eteels 


Tenssla atrength - 1000 /b. per ag. 1%h 





Taylor speed -*f pec nn 


Fig. 9—Effect of Quality of Tool Steel on the Relation 
between Cutting Speed in Rough Turning and the Tensile 
Strength of the Steel Cut. 

(For test conditions, refer to footnote, Fig. 8. Steels E 
and I are of similar chemical composition, were heat treated 
in the same manner but differ in performance as shown.) 










ority in machinability at some very different range of hardness. 
Study of Fig. 8 shows that the customary chromium-molybdenum 
steels show superiority, only at high tensile strengths (in the neigh- 
borhood of 190,000 pounds per square inch) and in such eases the 
cutting speeds are practically the same as those for the nickel- 
chromium steels tested. At low tensile strengths, carbon steels 
ay be said to have the best machinability, and the 3.5 per cent 
nickel steel the next best, but there is little difference between the 

‘H. J. French and T. G. Digges: Rough Turning with Particular Reference to the Steel 


Preprint of paper presented at the December, 1926, annual meeting, A. 8S. M. E., New 
York, and Mechanical Engineering, Vol. 49, April, 1927, pages 339-354. 
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1 per cent chromium, chromium-molybdenum or echromit; 
dium steels (with like carbon content). 





While detectable differences are shown by these tests. 
portant to note that they are no greater, in most cases. thay 
ferences which may arise from variations in the treatm 
quality of the tool steels from which the tools are made. ‘I'}) 
be apparent by comparison of Figs. 8 and 9. Tool steels i 
in Fig. 9 were purchased on the open market, and may there! 
considered to be representative of commercial products: they ay 
almost identical in composition, as far as ordinary chemical! 
ses can determine, and were heat treated in the same manner 


they show as much variation in cutting speed as arises from ios! 


tL\ 
‘he 


of the variations in the composition of the metals cut, which 


) 


tions are shown in Fig. 8. 
When the finish produced on the work is important, 
in many types of cutting, it is generally agreed that the nickel 
steels may more often introduce difficulties than the chromiun 
alloy steels. However, it is probable that this difference has 

been over-emphasized. 


part of which have been discussed here, lend further support 


On the whole these experiments in rough turning, only a sma 


the viewpoint already expressed that there is, for many practical 
purposes a possibility for useful substitution among the alloying 
elements used in structural steels, always providing that the heat 
treatments and compositions are properly balanced. 

3. Their heat treatment properties jo p 
Another feature which has frequently been emphasized is thi spins 
wide hardening range of the molybdenum steels. It is of interest a 
to note that such characteristics are by no means restricted 1 
these particular steels. As shown in Fig. 10 quite similar effects 
are observed in ordinary 3.5 per cent nickel steels although the 
temperature range from which quenching will produce practicall) 
the same mechanical properties is perhaps not as wide as in som 
of the molybdenum steels. 

The structural molybdenum steels have likewise been credited 
with higher ductility and toughness for a given strength than othe! 
commercial alloy steels for structural purposes. Whether this is 
so depends quite largely upon the conditions under which tli 
comparisons are made. 





Under the conditions represented in ! lz 
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11 the molybdenum steels show to better advantage at high 
rrengths than at low but are generally no better than the high 
nickel-chromium steels. 
Ciillett and Mack® quote comparisons made by the Air Service 
oy oil-hardened steels of about 0.27 per cent carbon, one containing 
jrd. oil quench, temper a0" e* 


Mm + Or, 053 Mo 
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Fig. 10—Effect of Quenching Temperature on thi 


Mechanical Properties, after Tempering, of 3% per cent 

Nickel and Various Molybdenum Steels 
3.) per cent nickel, 1.5 per cent chromium; another 1 per cent 
chromium, 0.17 per cent vanadium; and the third 1.2 per cent 
chromium, 0.70 per cent molybdenum. Their summary follows: 


‘At the same draw temperatures the tensile strength of 
the chromium-molybdenum and chromium-vanadium were 
practically identical, and above that of the nickel-chromium. 
The nickel-chromium was consequently slightly more ductile. 
Of the chromium-molybdenum and the chromium-vanadium, 
the former showed better ductility. At Brinell hardness above 
130 the chromium-molybdenum steel showed a lower propor- 
tional limit than the other two but at lower hardness the 
elastic ratios of the three steels were practically identical. 
The slight differences in torsion and in shear were mostly in 
favor of the chromium-molybdenum steel. The chromium- 
vanadium showed the lowest strength in torsion and the 


sce foot note 4, p. a4 of reference 
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Fig. 11—Reduction of Area and 
Elongation of Different Structural 
Steels Heat Treated to show Equal 









Tensile Strengths. 

Results taken from ‘‘Molybdenum, 
Cerium and Related Alloy Steels” 
by Gillett and Mack, The Chemical 
Catalogue Co., New York. 









were equally good, 
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chromium-molybdenum the best. 
pact tests were made both on the Izod and Charpy ma 
and each figure plotted is the average of four tests. | 
(SOO degrees Kahr.) 
difference in the impact values, but at higher draw ten 
atures the chromium-vanadium steel gave decidedly poo 
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sults while the nickel-chromium and chromium-molybdenun 
The chromium-vanadium steel gave poo! 
results and the others good ones on both the Izod and Char) 
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omium-vanadium steels were compared and_ the 
hromium found decidedly superior. No figures are 
or chromium-molybdenum. 


nickel 
viven 


‘‘In general, these tests would indicate that the chromium 
molybdenum steel was at least the equal of the other two 
nd rather superior to the chromium-vanadium 


steel on 
notched bar impact test.”’ 


The statements as to interchangeability with respect to 
echanical properties of the alloy structural steels which has been 


emphasized in the preceding discussion have so far been supported 


Fig. 13—Large Nickel-Chromium-Molybdenum Steel Crankshaft. Type Composition 

Carbon, 0.75% Chromium, 1.5% Nickel, 9.26% Molybdenum. Shown in Rough 
hined and Heat Treated Condition Overall length, 10 feet, 7% inches; Maximum 
eter, 21y% inches; Diameter of pin, 13 inches; Diameter of arms, 10% inches 
red from 30-inch Ingot. Weight as Forged, 5475 pounds; as Rough-machined and 


Treated, 3850 pounds Manufactured by A. Finkl & Sons Co., Chicago, (Courtesy of 
Molybdenum Company.) 


only by tests on small sections. Interehangeability is somewhat 
more limited when one deals with larger 


masses. Where deep 
hardening 


properties are desired combinations of chromium and 
nickel or chromium and molybdenum offer advantages. 

As is well known, molybdenum is exceedingly powerful in 
producing what may be called ‘‘air hardening propensity,’’ and 
is not only superior in this respect to the three other elements 
inder discussion, but is more effective in small 
equally small additions of any of 


amounts than 
the elements now ordinarily 
added to steels. This was brought out in Wills’ patent on molyb- 


denum steels'?® and some of the figures there quoted are reproduced 


U. S. Patent No. 1,278,082 to C. H. Wills 
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in Fig. 12. Even 0.2 per cent molybdenum added to steel « 
ing 1 per cent chromium is sufficient to noticeably dimini 
reduction in tensile strength accompanying an increase in dij 
from 34 to 11% inches. 

In this connection it is interesting to point out a few pr: 
applications where molybdenum is used together with other ele 


ments in steels intended for use in very large sections. One of the 
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Fig. 14—Nickel-Chromium-Molybdenum Steel Rams for Steam Drop-hammers 
Composition: 0.55% Carbon, 0.75% Chromium, 1.5% Nickel, 0.20% Molybdenum. 
Rough, Weight 12,000 pounds; No. 2?—Another view of same size Ram as No. 1; 
Semi-finished, weight 10,000 pounds; No. 4—Another View of same size Ram as 
Manufactured by A. Finkl & Sons Co., Chicago. (Courtesy of Climax Molybdenum ( 


popular types contains about 0.75 per cent chromium, 1.5 per cent 
nickel, and carbon and molybdenum contents to suit the specific 
applications. The heavy crankshaft shown in Fig. 13 is made from 
Nickel-Chromium-Molybdenum steel containing about 0.35 per cent 
carbon and 0.20 per cent molybdenum in addition to the amounts 
of niekel and chromium already stated. 

A similar steel, with somewhat higher carbon, (around 0.. 
per cent), is used in rams for steam drop hammers, including the 
large sizes shown in Fig. 14. For die blocks this type of steel is 
modified by increasing the molybdenum to about 0.75 per cent. 
With such a composition it is not difficult to produce high hard 
ness combined with toughness throughout heavy sections. An ex 
ceedingly interesting example of this is shown in Fig. 15 in 
Brinell hardness values across the section of a split 6x6 inch di 
block, air hardened and tempered. 


While these examples might suffice to indicate a thoroug! 
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jation among steel makers and users of the depth-harden- 
operties of the alloy steels containing molybdenum, it will 
ihlv be somewhat more impressive to call attention to the 


‘ig. 15—-Nickel-Chromium-Molybdenum Steel Die Block, Split in half to show Hardness 
the Section. ‘‘Durodi’’ block manufactured by A. Finkl & Sons Co., Chicago 

rtesy Climax Molybdenum Co.) 6x6x6-inch Block Air Hardened from 1600 degrees 
Tempered at 1000 degrees Fahr. Steel of the Type 0.55% Carbon, 0.75% Chromium, 
Nickel, 0.75% Molybdenum.  Brinell Hardness Values are Stamped next to the 
ms. 


large forged stock blooms from which such dies, crankshafts, ham- 
mer rams ete., are made. Two of these, each weighing about 27 
tons are shown in Fig. 16. 

Another of the practically useful and metallurgically inter- 


esting characteristics produced in structural steels by molybdenum 


is resistance to tempering. This is evidenced in Fig. 17. With 
sufficient molybdenum, alone or in combination with other special 
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elements, there is a tendency for the steel to maintain a hic! 
hardness when tempered at fairly high temperatures su 
to hardening but when the drop in hardness does come, it 
abrupt than in the other steels. It is therefore import 


select such a composition that the desired hardness is not 





rig. 16—Large Forged Stock Blooms from which such Large Dies, Hamm 
Crankshafts as are shown in Figs. 13, 14 and 15 are made. Forged from 64-in 
Weighing 165,000 pounds. Type Steel is 0.55% Carbon, 0.75% Chromium, 1 
0.20% Molybdenum. Steels in background all Forged and Heat Treated Nickel-Chi 
Molybdenum Die Blocks. Manufactured by A. Finkl & Sons C 


., Chicdgo. (¢ 
Climax Molybdenum Co.) 


this range of rapid drop as otherwise it will be impracticable t 


secure the desired consistency in results. This, of course, applies 
to any alloy steel but is perhaps more marked with the molybdenum 
alloy steels than with the other types. 
4. Welding, cold working and carburizing properties narts 

Space limitations do not permit discussion of a variety 0! ‘ent ¢ 
other important properties, but brief consideration may be given to stron 
industrial practice with respect to welding, cold working, ai 
carburizing chromium, nickel, vanadium and molybdenum stee! 

While any of the customary types (such as 3 per cent n 
1 per cent chromium, chromium-vanadium, chromium-moly! 
num steels) can be welded or brazed, the nickel steels are not goou 
welding steels, and the chromium-molybdenum and chromium 
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types have found greater favor in aireraft work where 
properties are important. 
\ecording to Johnson'! mechanical tubing made of chromium 
\ ling to Johnson'! mechanical tubing made of echromiw 
volvbdenum steel containing about 0.25 per cent carbon, 0.9 per 


nt chromium, and 0.3 per cent molybdenum has several advan 
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Tempering Temperoture deg C. 
Fig. 17-——Change in Brinell Hardness of Molybdenum Steels with increase 
lempering Temperature (after Gillett and Mack). 

faves over such tubing made from other types of steel. It can 
« welded to chromium-vanadium steel sheets of customary com 
position and the assembly heat treated as one unit, because the 
hardening temperatures of the two steels are about the same; it 
velds easily and without the cracking which sometimes character- 
ives nickel steel, and it can be drawn to larger diameter and thin- 
ner Walls than nickel or chromium-vanadium steel. Welding does 
ot reduce the tensile strength below 95,000 pounds per square inch. 

The niekel steels have been used widely for case hardened 
parts; the two important types contain respectively about 3 per 
‘ent and 5 per cent nickel, the latter having found favor where a 
strong and tough core with attendant resistance to crushing of the 
ase was needed. Some metallurgists favor vanadium steels for 
ase hardened parts above either nickel or nickel-chromium steels, 
uit the chromium-molybdenum steels have been found to be un 
satisfactory. It was claimed that grain refinement could not be 
tained by a single treatment after carburization, that in the 


1 B. Johnson: Relationship of Metallurgy to the Development of Aircraft, TRANSACTIONS, 
Society for Steel Treating, Vol. 9, No. 4, April, 1926, p. 017 
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double treatment core-toughness was too easily reduced 
paratively small variations in the time of the second heat 


refinement of the case and that exceedingly high hardeni) 
peratures were required. On the other hand, nickel-moly| 


t*? 























Fig. 18—Typical Roller Bearings 
made from Nickel-Molybdenum Car 
burizing Steel. (Courtesy Interna 
tional Nickel Co.) 





steel containing about 0.15 per cent carbon, 1.75 per cent nick 
and 0.2 per cent molybdenum is now apparently a real competitor 
of the customary nickel-chromium ease hardening steels. — It 

widely used in the manufacture of roller bearings such as are show 
in Fig. 18 and for other parts. 


V. Hiagu ALLOY ConrTEeNT STEELS CONTAINING NICKEL. CHROMIUM 
MOLYBDENUM OR VANADIUM 


As already pointed out molybdenum and vanadium have not 
been used in large proportions in commercial structural steels 
Both are, however, of value as additions along with large amounts 
of chromium and nickel, and both have been found experimentall) 
to give promise of conferring useful properties on iron alloys when 
added in large amounts. Two recent examples which may |» 
cited are the low carbon iron-molybdenum alloy, containing about 
22 per cent molybdenum (which is reported by Sykes as giving 
from 30 to 50 times the life of the customary high speed steels 
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for swaging dies for tungsten)'*, and a high carbon iron-van 
alloy. This was about as good as the best work-hardened 
hromium steel for use as Brinell balls in testing very hard steels’. 


Fig. 19—‘‘Low-expansion’”’ Aluminum Alloy Pistons for Inter 
nal Combustion Engines. The ‘Strut’? or Insert is of high Nickel 
Steel of low Expasivity. (Courtesy of International Nickel Co.) 
From the industrial viewpoint, however, nickel and chromium are 
much greater interest for high alloy content structural steels 
than the two other elements. 


1. For resisting corrosion" 


The commercial nickel steels are of some interest from the 
standpoint of resistance to corrosion. Those containing about 5 
ner cent of nickel, which are similar to steels used for case-hardened 
parts in the automotive industry, better resist embrittlement caused 
y caustic fusions than ordinary structural steels. Steels contain- 
ng from about 25 to 38 per cent, or even more, of nickel, 0.5 per 
‘ent or less of carbon, and in some cases additions of other ele- 
ments, are more resistant than ordinary steels to atmospheric cor- 
rosion and to fresh and salt waters. Some such steels have been 
ised for valve stems in salt water lines and in boiler tubes. As a 
vroup they have better resistance than plain carbon steels to dilute 


sulphurie or hydrocholorie acids. Steels of this group are, perhaps, 


now of interest mainly for their low coefficients of thermal expansion 
Which may, within limits, be controlled by proper adjustment of 


W. P. Sykes: The Iron-Molybdenum System, Tranxsacrions, American Society for Steel 
ng, Vol. 10, No. 6, December, 1926, page 839. 


G. W. Quick and L. Jordan: Iron-Carbon-Vanadium Alloy for Brinell Balls. Preprint 
per presented at Winter Sectional Meeting of American Society for Steel Treating, 
y 21, 1927, Washington. 


‘For the most part abstracted from a paper by H. J. French: Metals to Resist Corrosion 
High Temperatures, October, 1926, Meeting, American Electrochemical Society at 
shington, 
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composition, On this account they have been suggested fo) per en 


coated products, to cut down spalling of the coating on heat clearance 
cooling, due to differences in expansivity between the enam, tically © 
the m 


The 


Table III 
High Alloy-Content Steels of Interest for Resistance to Corrosio) 


Typical Chemical Composition, Per Cent 


some pou 


Group 
( Cr Ni Si Cu W \| 






High chromium steels 









Chromium steels with 0.40 3.25 
copper, silicon, tung 0.30 19.0 ry reek 
sten, or molyb O.30 20.0 ici le 1.0 

denum a 










High chromium steels 0.45 7.5 “0.0 1.0 
with nickel and <0.30 13.5 36.0 3 
silicon <0.30 27.0 24.0 3.0 

0.35 26.0 1.0 2.5 

10.0 


















the metal base. Unfortunately, these steels are not always invar 
able in their properties with respect to repeated heating and cooling 
and it is sometimes difficult to duplicate with reasonable accuracy 
the desired expansivity in the selected composition. 

The instability of the high nickel steels is probably greater 
than is generally recognized. Valve stems have occasionally heen 
found so corroded that the threads could be picked off with th 
thumb nail; in some cases stems have fallen apart in the valve 
and were not only broken across but split longitudinally. Instances low 
are known where valves of high nickel steel supposedly without 
appreciable internal stress could not be shut off after having re 
mained open in the line for years. 

One interesting application of the high nickel steels of low ex 
pansivity is shown in Fig. 19. Here the overall expansion of all! 
minum alloy pistons for internal combustion engines is controlled 
by an insert or ‘ 


steel 
IIT, 

whic 
chro 


Wad 







‘strut’’ of high nickel steel of low expansivit) 
Kor this, steels are used similar to Invar, i. e., containing about 3! 
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I 


jer cent nickel. In a properly designed piston of this type the 
-Jearance between the piston and cylinder wall will remain prac 
jeally constant from the cold to the full operating temperature 


of the motor. 


The high chremium steels constitute a promising, and for 


soe purposes a very valuable, group of corrosion-resistant metals, 
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Fig. 20-——-Effect of Chromium on the Corrosion Resist 
ance of Steels as Determined in Tests by various Investi 
gators, A3 this chart is intended only to give a general 
idea of some of the effects of chromium additions to steels, 
the conditions of the various tests are not completel) 
defined. Further details may be obtained from the original 
publications. * 


llowever, they are costly and their stability like that of the nickel 
steels, has in some cases been overestimated. As shown in Table 
Il, their chemical compositions vary widely, and include steels in 
which chromium alone is the special element, those containing 
chromium with appreciable additions of copper, silicon, tungsten, 
ilanganese or molybdenum and an important series containing high 


Aitchison, Transactions, Faraday Society, vol. 11, 1915, p. 212; Strauss and Talley, 


dings, A. 8S. T. M., vol. 24, part 2, p. 38; Anderson, Enos and Adams, Bulletin No. 6, 
Mining Investigations, Carnegie Institute of Technology, 1923; Hatfield, Journal, lron 


| Steel Institute, vol. 108, 1923, No. 2, p. 103; Sager, Unpublished test data obtained by 
Pr. Sager at the Bureau of Standards 
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Fig. 21—Relative Oxidation at High Temperatures of Ordinary Structural S$ 
Iron, and “‘Chromium-lron’’, (Courtesy of Union Carbide and Carbon Research Lal 


proportions of both nickel and chromium and usually also a fev 


per cent of silicon. 
A division may be made into two groups, (1) steels which 1 


spond to heat treatment and in which a wide range in physic 


properties may be secured and (2) steels which do not harde: 
preciably when quenched and which, in general, are characte 


by low elastic properties. 





COMPARISON OF ALLOY STRUCTURAL STEELS Sio 
first vroup CONSISTS largely ot steels contalning about 15 
t or less ot ehromium, and the second ot steels higher in 
im or those containing high proportions of both nickel and 

ih) 
Increase in chromium content to 20 per cent or more seems 
materially to improve resistance to oxidation at atmospheric and 
elevated temperatures, as well as resistance to fresh and sea water, 


‘- 


, 
> ' ii “ 
' 4 ite « teehee 


rl" 


\ 


22—A Lary 


arge “‘Chromium-Iron’’ Tank used in the Chemical 
Carbide ane 


g Industries. (Courtesy 
1 Carbon Research Laboratories.) 


or to salt-air corrosion (refer to Figs. 20 and 21. While the plain 
chromium steels do not readily discolor in contact with fruit acids, 


they lose 


weight after long periods and are rapidly attacked by 
nineral acids with the exception of nitric. 


inl 


‘To improve the acid-resisting properties, nickel is added in 
amounts varying from 5 to 25 per cent or more. The steels with 
bout 25 per cent nickel are quite stable in contact with mineral 
vids, but are expensive and do not have the degree of malleability 


or easy machining properties desirable for general manufacturing 
purposes. Some are, however, produced in a wide variety of forms. 
Small amounts of copper, from about 0.4 to 1.5 per cent, are 


sometimes added to the high chromium steels to improve their 
cid-resisting properties, and seem to improve their resistance to 
oxidation and fresh and salt-water corrosion. These constitute one 


the valuable groups of steels high in chromium. They are 


researches on the constitution of these alloys are given in a paper read before the 


eting, A. I. M. E., February, 1927, by E. C, Bain and W. E. Griffiths, entitled, ‘‘An 
n to the Iron-Chromium-Nickel Alloys’’, 
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readily machinable, require no heat treatment, have vood 
ical properties, are easily fabricated. and the cost of the a 
per is small. Molybdenum and tungsten are sometimes 
the same purpose but are more expensive. 

Additions of manganese or silicon are primarily mad 
part to these steels physical properties which favor ease ¢ 


VAST LOW? =, VLO7° SYP EF 760°C 
Ce tigrade 
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SYress - /OOO 1b. per 89. in 
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0 /200° 
Temperature ~ Degrees Fahrenheit 


Fig. 23—Comparisor of the Load-carrying Ability in Ten 
Various Metals as reported by various Investigators The 
Curves Represent “Design Load Values’, or so-called Maxi! 
Allowable Stress The Results Credited to Fahrenwald are said t 
based on Actual Service Records; the remaining Curves wer 
tained from Laboratory Tests of long Duration by the Author rt 


> 


Curve for the Steel containing 23 per cent Nickel, 18 per 
Chromium, and 8 per cent Silicon is approximate 

(For details on the origin of these data refer to footnote (14 
the text.) 


facture and working. The extent to which the high chron 
steels are being used cannot be indicated within the allotted s) 
It may be interesting. however. to eall attention to the lara 

shown in Fig, 22, 


“. For high temperature service 


Chromium, and to a somewhat. lesser extent, nickel 
an important part in steels primarily adapted for high te: 
ture service. Molybdenum is. as has already been pointed 
useful in some cases and gives promise of being more widely 
in the future. The requirements in this field are so varied 
much more space could be devoted with advantage to a disi 


of parts of this subject. Merely to complete the picture wl 


being drawn there is listed in Table [V some of the imp 
steels used industrially for high temperature service, togethe: 


notes concerning their outstanding properties or applieatior 
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irther illustrate the important part played by chromium 
helpful assistance of nickel, there is given in Fig. 25 a 
on of load earrying ability at high temperatures of some 


the high ehromium steels with other metals; in Fig. 24, the 






ehromium and of nickel and chromium on the resistance 
steels to hydrogen sulphide at high temperatures, and in Fig. 


summary of some experiments on the resistance to steam ero 
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WerghT of sulphur comburung wth fhe mefal of 900F in LB%hrs 


oO -_ 20 80 40 0 
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Fig. 24—Effect of Chromium and of Nickel 
® Iron-Chromium Allovs on their Resistance: 

Hydrogen Sulphide at 900 degrees” Fahr 
(480 degrees Cent.), as determined by Scholl 

(These results were taken from the un 
published test data obtained by W. Scholl at 
the Bureau of Standards The surface area of 
each specimen was 8 square centimeters, ex 
posure time 28.5 hours, gas flow 8.5 liters per 
hour The amount of sulphur combined with 
the metal was measured by the increase of 
weight of the samples.) 






















of nickel and chromium steels of various types. The predomi 
nt part played by chromium in all these eases is at once evident. 


Low nickel-chromium steels have for some time been used in 





ist steel valves in power plant service, and during the past year 





ome forty-odd ‘* Pacific’? type locomotives similar to that shown 
Mig. 26 are reported to have been built by the Canadian Pacific 


1] 


hailWay in which 8 per cent nickel steel boiler plate was used. The 






berating pressure was raised from 200 to 250 pounds per square 





‘h with the advantage, as expressed by the chief of motive power, 
‘hat the new locomotives would haul one more car in a passenger 


te 
ik 






en miles an hour faster on the same coal. These are only 


ilustrations, but serve to show the growing importance of 


; 





eels in an increasingly important field of engineering. 
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Fig 95 
me Common 


Erosion 
Reported from 
these Experiments, 


Resistance to Steam 
Alloys as recently 
Details of 


Switzerland or 







efer to Corrosion et Erosion des Ailettes «ce 
Turbines a Vapeut Brown, Boveri et Cie Re 
vues, Vol. 11, Dec, 1924, No. 12, p. 263 

















hazardous to make any very definite or general statements. 1 


practical service, many types of wear are encountered and 
which resist one type do not necessarily resist others. 
At least 


hardness as 


one of the fundamentals is recognized and 


that measured, and which ma 


defined as the resistance to permanent deformation, is no certall 


now ordinarily 









criterion of wear. Ordinarily wear takes place by displacemen' 
and removal of metal particles from the contact surfaces 
hodies. High hardness promotes resistance to wear by icreasi! 
resistance to penetration or displacement; on the other | 
high degree of toughness tends to promote resistance to weal 
making difficult the detachment of particles which may | 


displaced. 
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hardness and touehness both seem to contribute to the 
properties, it may be expected that small additions of 


romium and molybdenum to steels whieh result ino better 


' ( ‘ ( ! ith \ 
th Railway in vhich » per cent Nickel Steel plate 
Inits Nickel 
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Table V 
Etfect of Small Additions of Special Elements, Such as Are Ordinarily Found 
in Commercial Structural Steels, on Wear Resistance as Determined 
by Different Investigators 
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inations of hardness and toughness than those observed in car 


steels will improve wear resistance. It will not be disputed 


+} 


Is SO In some cases. but the exact conditions of service to 





th these statements apply cannot be defined at this time. 













pplies only to steel in an “soft” condition, l e.. a hot fini hed, tempered at high 
ibsequent to hardening, annealed or normalized hor ource of information 
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Merely as an example of the difficulties encount 
tempting to interpret existing wear test data, there j 


Kie, 27 the effeets of some special elements on the wes 
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Fig. 27 Wear Resistance of various Structural Steels 







is 






mined in Laboratory Tests by different Investigators 
(For details on the origin ot these data refer to TRansa 
American Society for Steel Treating, Vol. 10, Nov, 1926, No, 5, p. ¢ 











as determined by different investigators; a more general 
is given in Table V. In both Fig. 27 and Table V there are 


disagreements, but the results show that at least under certa 





ditions, nickel and chromium additions increase the resista 






steels to wear. Convincing data are lacking for molybdenun 


there is no reason to believe that it would not also have w 






under corresponding conditions of tests, similar to that 


other two elements. It is open to question whether yvanad 
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proportions ordinarily used in structural steels, has any 
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in Fig, 27, and additional data for a variety of conditions 


non Big. 28. This is obviously a field for much further 
nd is being studied from a number of viewpoints at the 
Y Standards and by many industrial organizations. 


only are experiments needed whieh will throw further 
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be evolved and improved alloys developed. 
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other important properties. 
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note a recent application of cast low nickel-chromiun 


Fig, 29-—Cast Nickel-Chromium Steel Stre 


that this is the best steel for the purpose ; 


[In the previous discussion an effort has been mad 


(Continued on Paae Pinte 


wo. F. 


light upon the fundamentals of wear resistance o|{ 
it is also essential to tie together results oft laborator 


practical service to the end that standardized methods 


ln view of the conflicting data on the effect of sy 


tions of nickel on the wear resistance of steels. if is int 


et Car Trac 
Is refer to text. (Courtesv of International Nickel 







in 2 inches and 26 per cent reduction of area. 


This steel has a Brinell hardness of about 219. and 


being repaired by deposition of new metal. No claims 


the example 


steel for a type of service requiring wear resistance 


/j 


railroad track work. The track shown in Fig. 29 is made of 


ttl 


fainine about O.50 per cent earbon. QO.75 per cent chrom 
2.75 per cent nickel, double annealed, and shows a tensile 


of about 110,000 pounds per square inch, elongation of 17 


manganese steel, is machinable, and ean be welded, worn 


cited to show an interesting application of low nickel- 
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CORRELATION OF MAGNETIC PROPORTIES WITH 
MECHANICAL HARDNESS IN COLD-WORKED 
METALS~— Part II —-Nickel Strips 


By S. R. Winwirams 











Abstrac l 










7 hie change dil le ngth Live lo (I puto nel ay il¢ hed. 
foule magnetostru live effect), the coercive force, resid 
Lag re lism, hyste resis. loss per cycle and electrical 
nductivity are all studied in a set of nickel strips 
hich have eleven degrees of hardness obtained by cold 
ing. Wath all these effects measured Cll thre Sadpre Sel 
nickel strips it as possibli lo study lhe results aeith 
iew to correlation and wath the possibility thal some 
ight nuaty be cast “upon lhat ‘hasily conceived conglom 








pration or aggregale ol prope rlies Ol a materival, plove 
NS related lo each othe ne h, NMWoltn as hard ne NN, 


INTRODUCTION 










f fipse modification of any physical or chemical quality of a 
substance is always accompanied by a corresponding change 
ts magnetic characteristics. An accumulation of evidence sup 
ttine this general proposition suggests that variations in hard 
ss may be fegitimately studied by magnetic methods. In the 
ng section of this study? it was shown, that, in a series of 

rods having the same chemical constitution, the values of thi 
vimum elongation of the steel rods in a magnetie field pro 


ssively changed with decreasing hardness. In the case of the 







el rods their different degrees of hardness were obtained by 
eclal heat treatment. On the other hand, nickel obtains its 
rious degrees of hardness by mechanical working which in the 
esent study was done by means of cold rolling. Will the hard 


ss thus obtained by the two methods show themselves to be com 






property of matter when studied from the magnetie view 
nt? This particular paper will deal with a series of eleven 
strips which progressively have different degrees of hard 










per presented hefore thre eighth annual onvention of the Society 
September 2°) to 24. 1926. The author, Dr. S. R. Williams, is pro 
pt vsics, Amherst College, Amherst, Mass 
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ness. Work is also under way in a study of an equ: 
of cold-rolled monel metal strips. In order that the thir 
of hardening, viz., by alloying, might be studied a seri 
steel rods were prepared consisting of six groups of 
Kach group has a different carbon content from low to 
bon steels. The ten rods in each group were each given 
degree of hardness by heat treatment. Various magn 
erties were studied in the hope that out of the correlat 


come additional information concerning this unknown 









of hardness. The change in length due to a magnetie fi 
ual magnetism, coercive force and hysteresis are the m: 
netic properties to be studied. Special attention was p: 
magnetic change in length because in this phenomenon 






the magnetic and the mechanical properties so closely } 
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PREPARATION OF NICKEL STRIPS 






Through the courtesy of Dr. Paul D. Merica, directo: 
search, of the International Nickel Company a set of eleve: 


of nickel was furnished for the purposes of this invest 










The strips were 14 by 2 inches in cross-section to begin \ 


were successively rolled to different degrees of thickness a1 





Table I 
Cold Rolled ‘‘A’’ Nickel Strip 






Sample No. Scleroscope Hardness Per cent Co 
(Universal tup or hammer) 
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The chemical analysis of this material is as fol 









Per Cent 
Copper 0.16 
Nickel 98.88 
lron 0.56 
Sulphur 0.008 
Silicon 0.06 
Carbon 0.09 
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Manganese 0.2 
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different hardness as shown in the Table I. Fig. 1 


the relation between tl 


e per cent of cold reduction and 












eroscope hardness. Table | gives the chemical and physical 
rties as supphed by Dr. W. A. Mudge, superintendent of 
h in the International Nickel Company. 
\fter these strips were received in our laboratory they were 


ily eut in two, lengthwise, and trimmed to a width of 3° 
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rig. | raphical Repre sentation f the Increase in Hardnes 
l Series rT Eleven Nickel Strips is hev ilé Cold-Rolled t 


ly Thin Dimensions 








the thiekness being that given in Table I, while all of the 
s were cut to a length of 228 { inches. This furnished two 
mens from each strip so that throughout the work it was 
ble to run checks on the two samples from the same original 


The two sets of strips were lettered as follows: 


= 


Si. 
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respectively in which the subscripts correspond to 
numbers given in Table I. 

In the cutting and shaping of the strips great car 
that the temperature of the specimens should not rise 
ten or fifteen degrees in order that the mechanical 
would not be changed Hy any temperature effeets, hat 


specimens from each sample of nickel checked up with « 


IN LENGTH 


CHANGE 


°o 


Annealing Nickel at ! 
Propertic to Some Extent This Show How 
in Magnetic Field Before and After Anne ling 


indicated that the cutting and machining processes had not 
the mechanical properties unless it had affected the tw: 
same manner. Furthermore it was suggested that the local 
set up in the rods should be released by heating at 570 
ahr. (300 degrees Cent.) as this would not affect the mee} 
properties of the rods. This was done in an oil bath of 
which was kept in constant motion by forced cireulation | 
oil from one end of the rods to the other. Changes in lenet! 
to magnetization were measured both before and after th 
ing process. In all of the rods there was an increase in th: 
netic change in length due to this heat treatment amount 
in average increase of about 9 per cent but the inereas 


vreatest for the thinner rods, 1. e.. those having the 
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{CTIONS OF 


The Mic structure of the Nickel Strips Show That Successive 
of the Non-Magnetic Portions and Consequently the Size f the 
Photomicrographs Shown are for Strips 1, 6 and 11 Only and Were Made 
from Original Pieces Sent from tke Factory 


amount of rolling. The way in which this change in th 


effect occurred is shown in iia. 2. The greatest percenta 


erease of length occurred at a field strength of between 7 
125 gauss, actually decreasing beyond 800 gauss. The ann 


of these strips at oSO degrees Kahr. (304 devrees Cent. 
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Fig. 6—HUysteresis Loop Areas for the 
These Two Specimens Gave the Extremes 
Times as Much Hysteresis Loss as At, 


] 


hour, however, seemed to give greater eonsisteney in the readings 


the magnetic changes in length. 


EXPERIMENTAL DATA 


The device for measuring the changes in length of the nickel 

‘ods when placed in a magnetic field has been deseribed else 
re It was possible to detect a change in length equal to 
> of a wave-length of sodium light. 

In Fig. 3 is shown the way in which the change in length 
er unit length of the rods oceurred as the magnetizing force 
vas varied from zero upward to a value of about 12-1300 gauss. 
Curve (a) is for the rod A, while (b) is the curve for A,,. The 


s for the other rods he between these two and bunch to- 
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Fig. 7 From the Readings for Hyst resis Loop Ay 
s for the Coercive Forees in the Various Strips Wer 1) 
This Figure Shows this Relation Graphically 


vether nearest the eurve (hb 
to Ma 


uring the changes length, the solenoid producing the {i 


set in a vertical position. This meant that the rods 
to the vertical component of 


were 
eliminated by the use of an auxiliary coil inside of the 
through which a direct current flowed giving 
equal and opposite to 


When all 


one of the rods showed any lengthening 


f the extraneous fields were removed or equali 


as Heydweiler* 
ut the change in leneth was a shortenine for all field s 
Nickel is partic ularly sensitive to extraneous magnetic fi 


inasmuch as there were eleven conditions of the nickel 


a vertical fir 
the vertical] component of the earth’ 


] 
re 
il 


“4 


if 


the earth’s magnetie field. 1 


Rod A,, was selected in pref 
because it showed the highest hardness number. |) 


\ 
i 
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conclusive that nickel does not show a lenethenine§ for 


magnetizing forces as is the case for iron. 
In order to compare the changes in length with hardness 
a definite magnetizing force was selected and the values 
‘ change in length for the different rods at this particular 
strength were plotted against their corresponding hardness 
bers. This is shown in Fig. 4. It will be seen that after a 
fain degree of reduction in thickness has heen accomplished 
change in length becomes asymptotic with the axis of hard 
This seems to indicate that, whatever the machinery is 


hereby the change in length is brought about, the process of 


ng has by the end of the third reduction in thickness reduced 


machinery to the same phase and thereafter the ehange in 
th remains the same and this holds true for all of the field 


uthis studied in this paper, In hie } the field strength 
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Fig. 9—Hysteresis Curves were Obtained for All of the Nic! 
Strips. Areas Plotted in this Figure are the Readings of tl 
Planimeter in Square Centimeters These Areas Should be Mult 
plied by the Factor 598 to Give Ergs per Cubic Centimeter 
























chosen for the comparison was 58.8 gauss, (0.4 amperes 
solenoid). 

A study of the photomicrographs of the nickel rods in 
various stages of rolling and hardness was of interest in conn 
tion with the changes in length which occurred. These are sli 
in Fig. 5. The numbers under the photomicrographs correspo! 
to the number of the sample as given in Table I. The plain nun 










ber indicates a photomicrograph taken as though the rod 
cut in two and a photomicrograph taken of the end, i. e., nor 
to the direction of rolling. The photomicrographs numbered 
letter and number indicate those taken along the edge o! 
strip parallel to the direction of rolling. The samples in eac! 
were ground, polished with levigated alumina and etched 
imately two minutes with concentrated nitric acid. The 
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SPECIFIC RESISTANCE 


Fig. 10—The Specific Resistance 
Herewith Compared with Their Hardness 
Into the Curve Because It was Annealed 
Others for Only Fifteen Minutes 


ere taken at a maenification of 250 diameters. through a vereen 


it 


filter. The effect of rolling seems to be a breaking up ot the 
large erystals into smaller ones. Jeffries pointed out that ‘‘the 
mechanical working of an aggregate of grains with random ori 
entation gradually changes the orientation of the grain fragments 
produced by slip toward certain definite positions with reterence 
to the direction of working,’”’ 1. e., there is a preferred orientation 

the grain fragments with respect to the direction of rolling. 
(his preferred orientation increases with successive cold redue 


tions so that a highly worked specimen approaches the condition 


a Single erystal. In the case of these nickel strips the change 


length has been reduced the more the strips have been con 
erted from erystal fragments of random orientation to the state 


i single crystal. One might also argue that after the fourth 
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Fig 1] Vine Variation Ot the Specify 
“ompared with the Scleroscope Numbers. This Curve Should be Compared 


Residual Magnetism and Specific Resistance Have Much in Common for N 
Have Shown to be the Case for [ror 


Pd op be 
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Resistance im the Kleven N 


reduction the alignment of crystals was fairly complete, inas: 


as the change in length remained practically constant for 


maining steps in rolling. Some previous work® on silico: 


crystals in the form of strips indicated that the chanve in 
due to a magnetie field was independent of the orientation 
crystal composing the strip. 


This does not imply a contrad) 
for even in the case of a single crystal a change in length oc 
The point to be emphasized is that. either by the regular proc 


such as are used in making single crystals or by rolling 


definite orientation of erystals leads to a closer packing of 


erystal fragments which is not favorable to large 
length. 


changes 
The close packing also favors an increase of hardness 
The random orientation of erystals is favorable to large 
netostrictive effects and small hardness numbers. 

A close inspection of the photomicrographs indicates 
the more the strips are rolled the more compact they be 
The dark circular spots seen in 1. Mig. 5, and which are 1 


magnetic, grow smaller and smaller with sueeessive rollines 


*S. R. Williams, Testing, 1. p. 190, 1924 
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significant from the standpoint of mechanical hardness and 
oncerning certain magnetic properties still to be discussed. 
fo obtain further correlations between hardness and other 
tic phenomena, the tollowing observations were obtained. 
teresis curves were run for the various rods from which values 
ivsteresis loss, residual magnetism and coercive force were 
vn. Fahy’s permeameter was used for this work. Fig 6 shows 
half area hysteresis loop for the nickel strips, A,, and A 
7 correlates hardness and coercive force while Fig. 8 shows 
relation between hardness and residual magnetism and Fie. 9 
onstrates that tor nickel, hardness plays an important role 
thie values ot hysteresis loss.® Several ot these curves Indicate 
loes Fie. 1 that the amount of cold reduction has arrived at 
interesting point when it was reduced 93.8 per cent. It 
of great interest to go still farther in the reduction 
i see where if leads to in these changes ot phy sical properties. 
Barus and Strouhal’ observed a change in the specifie re 
tance of steel as its hardness was varied. ‘The set of steel rods 


in Part 1 was measured in regard to specific resistance. Fig 


1 


0 gives the various specific resistances plotted against hardness 
nd is added here to complete the observations on that set of 
ds. Rod 6 in Fig. 10 is not included in the curve because it 


is annealed for two hours and the others were treated for only 


‘teen minutes and consequently cannot be compared directly. 


Kig, 11 is the corresponding curve for the set of eleven 
el strips showing how the specific resistance of these rods vary 
th the different degrees of hardness. Peirce’ has shown that 
resistivity of hardened east iron is a measure of its fitness 
ise In permanent magnets. The similarity of curves in Fig 


and 11 indieates that a similar relation holds for nickel as 


CONCLUSIONS 


|. The various physical properties of nickel which have been 
isured in this study are modified by the hardness produced 
rolling, similar in many ways, to that produced by heating 


the case of steel. It would appear, therefore, that hardness 
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produced by these two methods have a great deal in comn 


viewed from the magnetie viewpoint. 


2. Free from extraneous magnetic fields, eleven di! 














specimens of nickel did not show any initial lengthening 





conclusion is that there is also no Villari reversal point for , 





4. It is significant that while all the other magnetic ph 





ena studied in this paper went on changing with varying di 





ot eold reduction and hardness, the magnetic change 





in ley 
did not vary after the fourth reduction. Ultimately all mag 
phenomena must rest on the behavior of the elementary ma 
but thus far one must eonelude that the mechanism for ¢| 
in length must have a factor distinctly different from that 

produces the other magnetic phenomena. 



































DISCUSSION 
A. V. pEFOREST: 








It is very gratifying when other people tak 
est 





in one’s hobby, and after playing with magnetics and magnetost: 





ideas for a long time without getting very much enthusiasm from any: 





is pleasant to have somebody show some magnetostrictive effects, as wer: 














by Professor Williams on the nickel. It is an interesting subject a) 
which I hope some day will turn out to be of some importance. | 














that as far as practical results are concerned, the converse is perhaps ot 





immediate importance, that is, the use of the magnetic properties 








measure of the mechanical distortion, which is merely turning the thing 





In that case one ean look at the question of internal stresses by arguing 





ward that it must be the stress in the material which has produced the 








the testing macbine and pull it, applying external stress which will 





same magnetic properties as can frequently be found as a result of int 





stress. And if the two check, it seems logical to suppose that ther 














connection between them. 











is not any necessary relation. Hardness itself is something we know 














about, and magnetism is something we know less about, and to try to 





late the two means to stir up a great many difficulties. The magnety 





acteristics of heat treatment and_= structure and the magnetie chara 











istics introduced by stress are entirely different. Hardness is 





pore 


| 
by both these different methods. The magnetic testing has to be don 

















a great deal of care, however, or a perfectly hopeless confusion results. 








ing all the other conditions remain constant, so magnetic properties ¢a 











(Continued on Page 1041) 











netic change, and if you want to prove it, you can easily put the specimer 


The use of magnetic methods for testing hardness is something that 
£ & 


scarely know what to say about. I do not like the term at all, because t! 


just as almost any property can be used as a measurement of hardness pro\ 


used in the same way. But if any of the other conditions are upset, that 





FUNDAMENTAL RESEARCH IN STEEL MANUFACTURE 


By Dr. C. H. Herry, Jr. 
Abstract 


This pape , classifies the probl nes encountered ti 
t Nh making of steel and points oul that the field for 
undamental research in its manufacture is astounding 
in als magnitude and mntricac 1€S, and that dite GISCUSSION 
i} the various processes o} manufacture and the probl ms 
hich rise becomes exceedingly involved and volu 
mienous, 

The writer has there fore limited his paper fo a con 
ideration of the fundamental research which deals 
primardy with slag-metal reactions giving particular 
attention to the formation and elimination of non 
metallic anelusions formed from manganese, silicon and 
aluminum, 

lle is oO} thie Opinion that the proble m of solid non 
metallic mnclusions Hil steel is adit mneportant one lo thie 
manufacturer of this commodity and sets forth the two 
main lines along which, in his estimation, it is necessary 
ty work to eliminate it. 

The author hopes that general cooperation along thes 
line of research will result in a solution of the trouble 
sume question of ** solid nonmetallic inclusions in steel 


CLASSIFICATION OF PROBLEMS 


” discussing fundamental research in steel-makine. it is 


sary to divide the entire field into a number of sections. 
\ first classification would be: 


|. The blast-furnace process 

The open-hearth and Bessemer processes 
Properties of steel during rolling 
Properties of steel in service 


New steels or irons. 


ach of these may be subdivided into a number of subjects such as: 


1. The blast-furnace process : 
(a) Equilibrium between slag and metal 


Published with epproval of the Director, U. 8. Burea 
Board, Carnegie Institute of Technology 


\ paper presented before the winter sectional meeting of the Society, 
hington, January 20 and 21, 1927. The author, Dr. CC. H. Herty, 
1S physical chemist, Pittsburgh experiment Station, U. S 
es, Pittsburgh. 
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» of elimination or reduction between slag and met 


(ec) Rate of reduetion of iron oxides 





(1) Flow of gases in the furnace 






(2) Heat transfer between gases and stock 


(3) Equilibrium between gases and stock 





(4) Mechanism of iron ore reduction. 






The open-hearth and Bessemer processes: 
(a) Equilibrium between gas, slag, and metal 


(b) Rate of elimination of metulloids 









(@) Slag composition 

(ad) Slag viscosity 

(c) Formation and elimination of nonmetallie inclusions 
(f) Solidification of the ingot 














































Properties of steel in service: 
(2) Kffect of composition on serviceability of steel 
(1) Usual chemical analysis 

(2) Nonmetallies, including gases in steel 


(b) Uses of new alloys. 





New steels or irons: 


(a ) Alloy steels. 


Under each of these subdivisions should be placed innume! 
able other subdivisions until the field for fundamental reseat 











is seen to be astounding in its magnitude. Furthermore, 
main division is linked into another division by one of the 
merous subdivisions. 

As it is beyond the scope of this paper to deal with more t! 
the division on the open-hearth process it will be restricted t 
discussion of the fundamental research which deals with slag-met 





rid 
(g) Combustion in the open-hearth 
(a) Port design 
(i) Heat transfer in the open-hearth 
(a) In the hearth proper 
(b) In the regenerators - 
(1) Pressure drop through regenerators 
(j}) Open-hearth refractories 
Properties of steel during rolling: \\ 
(a) Effect of metal composition on rolling properties, (hot rf 
rolling ) 
(b) KEffeet of rolling on the structure of the metal : 
(¢) Effect of temperature on rolling properties 
(d) Heat tlow in solid steel. 
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mis, With particular reference to the formation and elimi 
of nonmetallic inclusions, formed from maneanese, 
luminum., 


silicon, 


mly two references are taken from the literature, both of 
h are used to illustrate certain points in the text. It has 
d best in this paper not to refer to the many works which 


ith nonmetallics because no data are presented here. 


NONMETALLIGC CONTENT OF STEEI 


before going into the details of formation and elimination olf 
onmetallies it must be pointed out that solid nonmetallics, or 
sonims,’’ should fall into the same class with phosphorus, sulphur 
bon, manganese, and silicon insofar as specifications for steel 
concerned. There are no more grounds for making all steel 
solutely ‘‘elean’’ than there are for demanding that all 
iid contain under 0.01 per cent sulphur. Furthermore, 


steel 
it Is 
dyisable in some types of steel—welding steel for example—to 
have considerable amounts of nonmetallies, just as it is helpful to 
ive high sulphur for nut and bolt stock and high phosphorus for 
ertain types of sheet. 
‘or every kind of steel it will be necessary to set a specifica 
n on nonmetallics and this specification may, in the end, vary 
ith the kind of nonmetallic present. Such a situation holds in the 
se of sulphur. The specification on sulphur in steel usually 
aries inversely with the manganese content of the steel, for the 
eason that the type of sulphide is changed as the manganese con 
t increases. Feild’s work on zirconium? showed that under 
ertain conditions the sulphur specification for some steels could 
raised considerably, provided that a certain amount of zirconium 
vas present in the steel. Here we have the three sulphides, FeS, 
\InS, and ZrS, showing entirely different effects on the rolling 
| roperties of steel. 
One of the most important and most fundamental pieces ol 
rk is therefore, to determine just how nonmetallies influence 
properties of steel with the two factors, amount and type of in 


ision, as the major variables. The working out of such speci 


itions would undoubtedly take a long time in view of the many 


pes of inclusions, the many types of steel, and other variables 
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such as segregation, type of service to which the steel is p 
That all steel should not necessarily be absolutely clean is on: 


which must be kept in mind throughout any discussion o 
metallies. 


There is, on the other hand, unquestionably an 
limit on solid nonmetallics for various steels which should 
exceeded. 











FORMATION AND ELIMINATION OF SouiIp NONMETALLIC INCI) 
















With regard to the formation and elimination of nonmet 
in open-hearth practice, there are five possible sources ther 
follows: 

1. Nonmetallic matter in or on the serap charged 


) 


2. Nonmetallic matter in the pig iron 








3. Nonmetallics formed when the pig iron is introduced 
the open-hearth, by the oxidation of the metalloids silicon, 
ganese, phosphorus, and aluminum, and by the introductio: 
sulphur from the iron. 





WOT 


4. Formation of nonmetallic matter when the heat is w 
with ore or pig iron. 






D. Formation of nonmetallies when the final additions 
made. 


Nonmetallic Matter in or on the Scrap Charged 


During the last few years, open-hearth men have emphas 
the necessity for using 


in order 







‘‘elean, heavy melting serap”’ 
obtain the best results in making good steel. In the use of su 

scrap it is probable that the good results obtained are due primarily 
to the fact that with heavy serap only a small amount of oxidatio 
occurs during the melting period. 





For this reason it is possibli 
to caleulate the charge so that the heat will melt at the best carbon 
content, allowing the last 20 to 40 points of carbon to be worked 
out by the use of suitable additions of ore. On the other hand 
with small serap, it is often true that an excessive formation 
iron oxide occurs during melting and the heat melts ‘‘soft,”’ th 
making it necessary to build the carbon content up by the use 
pig iron. It is believed that nonmetallics formed by adding larg: 
amounts of pig iron toward the end of the heat, or nonmetallics 
consisting mainly of suspended iron oxide, impair the quality 
the finished steel. 















Nonmetallies which exist in the serap charged are proba! 
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ed during the early stages of the heat, and in comparison 


er sources they may in all probability be neglected 


Nonmetallic Matter in the Pig Tron 


has often been noticed that a poor quality of steel results 
ertain types of pig iron. The reason for this is not definitely 
but one possible explanation is that certain solid nonmetal 
iterial is carried into the pig iron in the blast furnace and 
such a character that it is never eliminated in the open 
Pig iron that eauses trouble in the open-hearth usually 
from a cold blast furnace, and the silicon in the iron is un 
lly low. This indicates that unreduced iron oxide or iron 
eates may be earried into the pig iron and then into the open 
earth. Just what type of nonmetallic matter is present in this 
ow-temperature iron is, so far as the writer is aware, unknown. 
However, it is so certain that this type of pig iron will cause trouble 
n the open-hearth that fundamental research on the effect of low 
temperature pig irons on the quality of steel is very important to 
the open-hearth operator. This involves considerable study on the 
slag-metal reactions in the blast furnace, particularly with regard 
to the effect of temperature on these reactions. It also involves 
i study of open-hearth practice using such pig iron. 


Vonmetalliics Formed When the Pig Tron is Introduced into the 
Open-Hearth 


When pig iron, particularly hot metal, is introduced into the 
pen-hearth furnace, a very rapid elimination of silicon, manga- 


nese, phosphorus, and aluminum takes place. The oxidation of 


metalloids forms a large quantity of minute 


ese 


nonmetallic 
particles, liquid or solid, which must be absorbed by the slag be- 
fore the heat is tapped. The type of inclusion formed is unques 
nably related closely to the analysis of the pig iron and to the 
xidation of the molten metal in the furnace at the time of the pig 
m addition. 


Kor example: high-silicon, low-manganese iron will 
ertainly form a different type of inelusion from a_ low-silicon, 
high-manganese iron. As will be brought out later, very definite 
lilferences in types of inclusions formed are to be expected from 


arious concentrations of metalloids added to the bath. 


"he elimination of these nonmetallies primarily depends upon 
factors, as follows: 











LRANSACTIONS 





OF THI 





l. The type of inelusion 


that is to say, whethe. 
sion 1S liquid or solid and whether the inelusion is a smal] 
or agglomerated 

















2. The composition and physical properties of the s 





3. The degree of agitation of the bath. 








As a rule, the slags formed during the early period o| 


hearth heat are very fluid, due to their high manganese co) 





because the lime is somewhat low during this period, 7.3 





tion of the bath is brought about by means of the decom 











of the limestone which is charged on the bottom of the 
Kundamental research on this phase of the process 
itself into two distinct problems: (1) 








research on the LV} 
clusions formed from various types of pig irons; and (2 





on the viseosities of various types of slags. 





In both of the 
lems a very wide range must be covered inasmueh as thi 











wide range of pig-iron composition used in the open-hearth, a) 





even wider range in the composition of slags formed durin 
melting stage. 












Formation of Nonmetallic Matter when the Heat is Wi 
with Ore or Pig Tron 








After the heat is melted, either ore or pig iron must be add 








case, nonmetallic matter is formed, but the type of nonmetal! 
formed is entirely different. 





When it is necessary to add 
the composition of the metal will usually range from 0.08 to 
per cent manganese, from 0.01 to 0.15 per cent phosphorus, a 
with silicon under 0.02 per cent. The dissolved iron oxide in 


bath will be very low under these conditions. 




















iron oxide is introduced into the bath, the inelusions formed 





The amount of silica formed will be very small because the silic’ 
content of the bath is small. 














introduced into the bath at this time. 








When it is necessary to add pig iron, the composition 
bath will usually be from 0.05 to 0.20 per cent manganese, [ro 








0.01 to 0.03 per cent phosphorus, and only a trace of silic 
The iron oxide dissolved in the bath will be much higher tha 
the ease when ore is added. 











The nonmetallies formed unde! 
condition will consist mainly of iron and manganese Ss! 











depending on whether the heat melts ‘‘high’’ or ‘Slow’. In eith 


consist mainly of a mixture of MnO, FeO, and ferrous phosphat 








Therefor e. whel 


y) 


Any gangue in the ore will also |) 







mpot 


pon 
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from the manganese and silicon in the iron, whieh may 
tirely different properties as regards their ease of elimina 
un the nonmetallies formed when ore is added. It is also 
that Al,O, is formed at this time from aluminum in the 
\gain at this point the important factors in elimination 


if imelusion, slaw condition, and agitation of the bath 


f Nonmetallics when lhe inal tdditions (l)'é Wade 


on O 
When the heat is ready to be tapped, suitable alloy additions 
iade either in the furnace or in the ladle, or in both furnace 
ladle, and the nonmetallies formed depend upon the oxida 
Ol 

ontent of iron 


the bath, whieh is controlled by the carbon content and 
oxide in the slag, and the kind and amount 


additions made. Any nonmetallics formed at this time have 
the metal than those formed on 


lass OPPOrcunaies to leave 
On 


iddition of pig iron or during the working of the heat. 
s account it is probable that these nonmetallics are the most 
uportant of any formed, and their elimination will depend more 
non their composition and physical characteristics than on any 
factor. It is not mtended here to minimize the effect of 
iscosity at this point, because this undoubtedly has its effeet 
th on the ability of the slave to absorb the inelusion and on the 

the element added. Solid nonmetallics formed by addi 
ns in the furnace have a much better opportunity to rise into 
small 


Non 


slag because of the large slaw metal area and to the 
listaunce between the slag and the bottom layer of metal. 
metallies which are carried into the ladle and to which are added 
the nonmetallics formed from ladle additions have a much greater 
ight of metal through which they must rise. I*urthermore, 
s the temperature of the steel falls, the inereased viscosity hin 
lers the elimination of the solid nonmetallies. 
nonmetallies is 


that 


When the heat is teemed, the elimination of 
rreatly affeeted by the condition of the steel in the mold 
s, Whether the steel is ‘‘killed’’ or effervescent. A very inter 


esting investigation by Dickenson® has shown the distribution of 


d nonmetallies in certain tvpes of killed steels, 
lt is unquestionably true, however, that different types of 


inclusions may show different characteristics from those studied 


British Tron 
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by Dickenson, both as to the amount left in the ingot 
the size of the inclusion itself. 

In effervescing steels, the solid nonmetallies probab] 
gate just as sulphur does and we should expect to find th. 
of a ‘‘rimmed’”’ ingot quite free from solid nonmetallies, 
the center, particularly near the top of the ingot, should 
higher percentage. 


al 










Formation and Elimination of Nonmetallic Inclusion 





When a deoxidizer is added to a bath of steel, react 
tween the deoxidizer and dissolved iron oxide immediately 
place. Two possibilities occur as to the method of formation oj 
the inclusion: Let us take deoxidation with silicon as an ex imple 
The first possibility is that the silicon reacts with the iron 
to give silica by the reaction 


LKeS 








} 
C1ce 





2Fe 


Si + 2FeO > SiO, 4 





This silica may then react with more dissolved iron oxic 


give a ferrous silicate which in turn may simply dissoly 
oxide or silica. 





roy 
The second possibility is that the silicon reacts 
with iron oxide to form a silicate directly by the reaction 










Si + 3FeO — FeSiO, + 2Fe, 





and this ferrous silicate may dissolve either iron oxide or silica 
In either case, the reaction products will depend upon the con 
centrations of the deoxidizer added and of the dissolved iron oxide 

Figs. 1 and 2 show the inclusions formed by the addition o! 
(1) 15 grams of ferrosilicon to 25 pounds of low-earbon steel an 
(2) 50 grams of ferrosilicon to another 25-pound lot of the same 
steel. It is very clearly shown here that two entirely different 
types of inclusions are formed. 






[LOS 





The properties of these two inclu 
sions, especially with regard to their agglomerating power, will | 










the controlling factor in how rapidly the inelusions will be | 
inated from the steel. 





Furthermore, it is entirely possibl 
these two types of inclusions may act very differently, both 














of the finished product. 





by the addition of manganese, silicon, and aluminum to a 








| 
i 


t 


earbon steel, and it is at once evident that the type of inclu 


try) 


il 
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ha 
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lat 


gard to their effect on the rolling of the steel and on the qualit) 


Figs. 3, 4, and 5 show inclusions formed 
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from each of these deoxidizers has a peculiar character 
The working out of the mechanism of the forma- 


| its Own. 
each of these inclusions, the physical properties of the im 


Photomicrograph Inclusions Resulting from the Addition of Fifteen Grams of 

n to Twenty-five Low-carbon Steel. Mag. 200 x. Analysis: Silicon 

cent, Carbon 0.05 per cent. Fig. 2—Photomicrograph of Inclusions Resulting fror 
Fifty Grams of Ferrosilicon to Twenty-five Pounds of the same Steel as in 
Silicon 0.127 per cent, Carbon 0.05 per cent. 


of 


Pounds of 


tioh OT 


Mag. 200 x. Analysis: 


as regards elimination from the steel and the effect of the 


SIONS 


1 
onditions of steel, constitute the work of the Metallurgical Sec 
J. S. Bureau 


different types of inclusions on rolling properties and on service 


ion of the Pittsburgh Experiment Station of the | 


f Mines. 
RATE OF ELIMINATION OF INCLUSIONS 
In determining the rate of elimination of inclusions the three 


ost important factors are: 
The nature of the inclusion 


The viscosity of the slag and metal 


) 


The temperature. 
Nature of the Inclusion 


The nature of the inclusion is determined by: 
iron oxide in the metal 


The concentration of dissolved 


a 
the time the deoxidizer is added 
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(b) The concentration of the deoxidizer, or deoxid 
the steel 


that 

tunat 
spoke 
qualit 
the @ 
the 
tweel 
doub’ 
elusit 


met 


posit 


troll 


‘T1Ve) 





pera 


subj 
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Fig. 3—Photomicrograph of Inclusions Resulting from the Addition of Ferroma 
a Low-carbon Steel. Mag. 200 x. Fig. 4 Photomicrograph of Inclusions Resulting | 
Addition of Ferrosilicon to same Low-carbon Steel as of Fig. 3. Mag. 200 x. | 
Photomicrograph of Inclusions Resulting from the Addition of Aluminum to same | 
Steel as of Fig. 3. Mag. 200 x. 


S- 


(c) The relative rates of deoxidation, if two or more deox 
idizers are present 


(d) Equilibrium conditions in the system FeO, MnO, SiO 
and Al,O, 


(e) The temperature 
(f) Solution of FeO into the steel from the slag after 
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ers are added, which continually changes the concentra 
KeO in the steel. 
‘he two most important properties which inclusions should 
ire: (1) the property of agglomeration, the larger the par 


the more rapid is the upward settling through the steel; (2 


power to combine with or be dissolved into, the slag, onee it is 
ht to the slag-metal surface. Both of these properties are 
ely related to the state of the inclusion—that is, liquid or 


and to the surface tension of the inelusion. 


2. Vuscosity of Slag and Metal 
very open-hearth operator is familiar with the statement 
hat ‘‘to make good steel you must make good slag.’’ Unfor- 


tunately, nO One seems to know why a certain type of slag, usually 


spoken of as ‘‘creamy,’’ gives the best results in regard to the 


quality of the steel produced. The viscosity of the slag is certainl) 
the controlling factor in the manner in which a slag ‘‘works’’ in 
the furnace, and it is probable that a definite relation exists be- 
tween viseocity and surface tension, and this property is un- 
doubtedly a controlling factor in the ability of a slag to absorb in 
lusions Which are brought up through the metal to the slag 
metal surface. The viscosity of the slag is controlled by its com 
position and teniperature. 

The viscosity of the steel is important in that it is the con 
tolling faetor which governs the rate of upward settling of a 
viven inclusion. The viscosity of the steel will vary with tem 
perature and composition. No data have been reported on this 
subject. 

3. The Temperature 

The temperature of the bath affects almost every factor which 
has been outlined. Equilibrium conditions between slag and metal, 
equilibrium in the metal phase, the physical properties of the 
various inelusions, relative rates of reaction, diffusion of iron 
oxide from slag to metal, and viscosity and surface tension of slag, 
metal, and inclusion are all affected by temperature. Very little 
s known of the quantitative effect of temperature on any one of 
these factors. 

The following fundamental studies must be earried out be 
re the formation and elimination of inclusions may be thoroughly 


understood : 
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Equilibrium between slag and metal: 


(a) Effect of temperature and slag composition 
solubility of FeO in iron 

(b) Effect of temperature and slag composition 
solubility of MnO, and other nonmetallic substances 


2. Equilibrium in the metal phase: 


(a) Equilibrium between FeQ, the various deos 
used, and the deoxidation products 























(b) Equilibrium between carbon and dissolved ir 
(ec) Effect of temperature on these equilibria 








*) 


3. Relative rates or deoxidation of manganese, silico 
aluminum: 














(a) Effect of temperature and concentration in the meta! 





4. Equilibrium conditions in the four-component system FeQ), 
MnO, SiO., and Al,O,: 











(a) Binary, ternary and quaternary diagrams. 
Rate of diffusion of FeO from slag to metal: 


° 
ws | 








(a) Effect of concentration of FeO 
(b) Equilibrium between Fe, FeO, and Fe,0, 
(ec) Effect of slag composition 














(d) Effect of slag viscosity and surface tension 





6. Surface tension and viscosity relations in the system Fel) 
MnO, SiO,, and AI,O,: 





(a) Effect of temperature 
(b) Effect of composition 
Agglomeration of inclusions: 








~ 
. 








(a) Concentration 
(b) Surface tension 














(1) Composition 





(2) Temperature 





Surface tension and viscosity reactions in slags: 





(a) Effect of composition 
(b) Temperature 
9. Viscosity of steel: 











(a) Effect of temperature 
(b) Effect of composition 








Rate of upward settling of inclusions: 
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a) Density of inclusion 
b) Size of inclusions 
e) Condition and shape of inclusions (liquid or solid 
d) Effect of viscosity of steel 
Rate of absorption of inclusions by slag: 
a) Effect of surface tension and viscosity of slag 
b) Effect of surface tension and viscosity of inclusion. 
Kach of these is a fundamental study which covers a very 
field inasmuch as there is a tremendous range in composition 
open-hearth slags, a very large range in viscosity of open-hearth 
lags. an almost unlimited range in composition of inelusions, and 
considerable range in temperature over which the reactions may 
ce place. 


CONCLUSION 


In order to attack the problem of solid nonmetallic inclusions 
n steel, it is necessary to work along two lines 


1 


namely, 
|. The effect of inclusions on the rolling and service qualit) 
steels, with particular regard to the amount and type of the in 
sion present. 

2. The formation and elimination of inclusions. 

This, of course, is a tremendous field for research and it is not 

be expected that the whole answer to solid nonmetallic inelu- 
sions may be obtained by any one laboratory. The U. S. Bureau 
f Mines, in conjunction with the Carnegie Institute of Technol- 
ey and their Metallurgical Advisory Board, is carrying out certain 
phases of this general problem. The results will be published from 


time to time and it is hoped that this work may be correlated with 


ther fundamental work to settle as definitely as possible the 
question of solid nonmetallic inclusions in steel. 


DISCUSSION 


Written Discussion: By T. D. Lynch, Westinghouse Flectrie and Manu- 


iring Co., East Pittsburgh, Pa. Dr. Herty’s paper gives us a glimpse 


great problem of ‘‘ Physical Chemistry of Steel Making’ 


and points 
significance of its careful and scientifie study. 


the 


\ suceessful solution of the various phases suggested, together with its 


ial use, can but result in cleaner and more dependable steel such 


as 
ond definitely to the heat treating processes of our recommended prac- 
mittee and enable our designing engineer to use them safely with 


a 
ver factor of safety. 


More definiteness, more safety, more economy. 
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This is an era of economical production and any index that po 
greater uniformity of 





steel points the way to greater safety 
greater ultimate economy. 











Oral Discussion 


Dr. H. W. GILLETT: 





It seems to me that if I were purchasing 
purposes for which quality was desired, a good method of gaging 
desire of the firm to supply steel of high quality would be to find out 
interest that firm was taking in this work of Dr. Herty’s. I believ 
question is at the very foundation of 

















more difficulties, more abst 
mysterious difficulties than we realize at the present time. 
LEON CAMMEN: 








I believe that this is one of the most important 
that I have seen in a long time. 
In this paper, in work along those lines which Dr. Herty descrily 
are gradually getting an understanding—this is the first clear glimps 
of what molten steel really is. 














nto 








constituents, but just what is molten steel? We know that we hav: 


iron, 
bide of 


iron, and various so-called impurities, such as sulphides, si 
silicides and so on, but in what form do they occur? 














The question may be formulated even more precisely: Is steel a crystal 
solution or is it a colloidal solution? 











what it was a crystalline solution. 





Since then more and more information 
been accumulating to show that it may or may not be so. 

We know for example the profound changes which vanadium, and 
smaller extent, molybdenum, creates in steel. The action of 











Vanadium 
obviously, not a purely chemical one. It is now claimed that it act 


acts as 








eatalyzer; or more likely as a protective medium to prevent gelatinizatior 
certain constituents of steel. Now Dr. 


tuents begin to grow and then stop growing. 

















solution, such a phenomenon would be extremely difficult to explain. If 
a colloidal solution, then we have simply the interruption of the condens 








phase at a certain point, which is a phenomenon quite familiar to all 
who work with colloidal solutions. 








appears again would also indicate that we are dealing with colloidal phenome: 


We have first the gelatinization phase, then we have peptization and there 





The fact that a given form of this constituent first disappears and 











already reason to believe that such a peptization process starts with a 
dispersed state followed by condensation. 

Sometime ago Dr. Gillett published an article, I believe in the Fo 
Stamping and Heat Treating, in which he discusses what happens in a 
of steel when filled and set aside for 20 minutes or so, and showed that 1 














period of restitution produces a certain elimination of so-called impurit! 








Lately in Germany they have been trying to eliminate some of the sulp! 
compounds by violently shaking molten pig iron before using it. Iler 





is, 





if steel were a crystalline solution no amount of shaking or no amount 
ing of the metal would affect the contents of the solution short of an 
panying change of temperature. 








If it is a colloidal solution, however 


We have been talking about what forms ¢ 


Herty indicates that certain const 


If steel were a purely crystalli 


Some 15 years ago nobody doubted but 
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how violent agitation on one hand or rest on the other hand would 


condensation phase of the material and by gelatinization force its 


There is a question that arises in my mind here, and that is, 
often call our best friends by bad names? We are inclined to econ 
sphorus and sulphur as impurities. But if molten steel is a colloidal 
sulphur and phosphorus within reason and in certain forms may act 
eetive medium, and therefore be absolutely indispensable to the mak 


good steel, so that if we sueceeded in eliminating phosphorus and 


ompletely we might get worse steel than we are now getting. Electric 


sheet made of low carbon steel, and without any phosphorus, is much 


its electrical qualities than sheet made with phosphorus. 
me very much Dr, 


Therefore, 
Herty’s investigation as probably the first indi 
1 that the time has come and that we are far enough advanced to make it 

to investigate just what kind of a solution steel is and what really 
gv on in it. 


\. DorNIN: All LT can say in diseussion of this paper is that no one 


s it more than | do. J agree with Dr. 


Herty in everything he says, 
think our knowledge as far as the use of this knowledge in steel making 
vo today is a erude piece of guesswork, I think we 


doing. 


hardly know what 

Our best guess in making forging steel or clean steel is that 
ve to form, when we deoxidize, some fusible combination of the three 

les that Dr. Herty speaks of, manganese oxide, silica and alumina. Beyond 

we have not much knowledge but we need a lot of it. 

Dr. H. W. GILLETT: 


} 
JUSTY 


One of the great difficulties in this field is that if 
divides itself into two main phases, one is an old line chemical 


blem as to the eontrol of what is available to form non-metallies, the second 


colloidal chemistry problem. In the second we strive to eliminate the non 


tallies from a colloidal suspension, but we lack a sufficient foundation in 


lal chemistry to apply that science to the situation with which we are 
cing here, 


The colloid chemist ordinarily deals with things that he ean 


niila « 
it 


at room temperatures in the laboratory, for example aqueous solutions, 

m which he develops a few apparently fundamental laws. The extrapolation 
from such experiments, for example, a soap water emulsion with a little clay 
typical system the student of colloid chemistry might use 
ra fundamental principles, to the conditions in molten steeli is a long 
ee extrapolation curve, with few points between. So that it 


it, a 


to study 
jump up 
seems to me that 
ampaign of education is necessary; that the steel maker and the steel user 
st obtain those people who at the present time have the most vision of colloid 


lemistry—those who have a basis on which to work—to get them interested 


this field, even though it may be difficult for them to work in it. If they 
ld, in a university laboratory with 15 cents worth of apparatus drawn from 


+ 


e storeroom, handle these problems, we would know a whole lot more about 


That we do not already know more is because of the innate difficulty of 


ing into the inside of steel at the temperatures in question and getting 
4 


t the ordinary means of identification of what is going on to apply. In 
work we need the combination of the metallurgist, the ordinary old line 


st, the physical chemist and the colloid chemist. 


0 


Kortunately those 
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qualities are well combined in Dr. Herty, but he needs a great 


and I think that this Society can do a great deal in bringing th. 





the attention of people with whom we come in contact, who are 


int 





the field of physical and colloid chemistry, to get them to see why 


laws and conelusions which they deduce on the basis of an 





entir 
set of conditions can be extended to the conditions with which we 
in the system at hand. 





bial 





If we ean do that, that will give us more said 
side lines and will help Dr. Herty to carry the ball over to a touehdoy 
I’, R, PALMER: 








From everything that has been written and said 
person might easily be excused (if he does not know much about th 
for thinking that all steel is full of slag and that the steel maker is 

end to know how to get rid of it, and I just want to read into th: 
the fact that that is 


impurities, 

















not true. No steel is absolutely free from no: 








These are particles so small that they must be seen und 





powered micrescope in all steel, but the silicates, slags and oxides w! 





the principal subject of our discussion, are not necessarily present in 





Many users in the automobile plants, in the airplane industry and in 





matic tool business have specifications written, in which there must 





slag in the steel, and steel is being made to those specifications. 





| think it is well to read into our minutes, for the benefit of 





Wis 1 
s ’ 





might misunderstand, that the steel maker is not absolutely helpless i: 





face of these things, and while we still have much to learn, and many 


things that we rule of We cannot 





know by thumb explain 


Nevertheless slag is not an absolutely necessary evil in steel, and it 
gotten rid of. 


si Le ntin 











It can be reduced to a point where the hot acid etch 


( 





find it, and those of you who have used the hot acid etch know that it is 
searching test. 








It is not uncommon, in order to meet certain very rigid sp 
fications, to make steel which can meet the hot acid etch test. As many 
one hundred dises have been taken out of one heat of steel and not a part 
of slag was found in any dise. 

Dr, HERTY: 














I wish that we could get a really good colloidal phys 
chemist to thinking about some of these things. 








I do not know a thing ab 
colloidal chemistry except from what I have learned in general. | know 











\ 


general principles of colloid chemistry, of course, but I do think that 





L 








Now, there are certain things in the relations between the slag and mi 





is no question about that. 





But, on the other hand, those are the things w! 
are somewhat apart from the formation of non-metallics, That is 














But, as Mr. Cammen said, we must do a great deal of colloidal chemistr) 








in order to obtain data on these other relations. 





in those universities where they have good colloidal chemists. 


they have not thought about the colloidal aspects of molten steel is because ! 











(Continued on Page 1015) 
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The only reas 


colloidal chemistry study of steel is going to be the most important of all. 


that can be explained nicely by the straight laws of physical chemistry. The! 


different proposition. We can control phosphorus, sulphur, manganese and 
forth. We know how to get at the relations between the slag and thie meta 


And I believe that, as 1) 
Gillett says, the best way to obtain this goal is through educational propaganda: 
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CENTRIFUGAL CASTING OF STEEL 


By LEON CAMMEN 


Abstract 



















The first part of the paper deals with the more 
miliar subject of centrifugal tube casting, which 1s 
comparatively old art, and shows its present and pros 

nective field of application and limutations, particularly 

where centrifugal tube casting comes into competition 
with the piercing process. 

The second part of the paper is devoted to the new 
art of centrifugal bar casting, affecting the entire steel 
industry. Its wmportance lies in its ability to produce 
metal of better quality at a cost estimated to be from 
$3.50 to $8.50 per ton lower than present methods. The 
mechanical and metallurgical features of the process are 
explained, and the machinery employed is described and 
illustrated an some detaal. 















THILE centrifugal casting of steel is barely out of its swad- 
W dling clothes, the art of centrifugal casting as a whole, 
narticularly of hollow objects, is quite old and has been practiced 
on a commercial seale since the beginning of the last century. 
(he earliest English patent (Eckert) dates back as far as 1809 
ind the earliest American patent to Lovegrove was issued in 1848. 
\t about the same time Andrew Shanks, in London, England. 




















began to make east iron pipe by pouring molten metal into a 
spinning wrought iron mold. His process was described in Amer- 
ea in the Scientific American of December 1, 1849, and it is of 
nterest to note that in the basie features of design, the Shanks 
machine does not differ much from the majority of machines 
naking tubes in a cold mold at the present day. 
A survey of the literature and of the numerous patents issued 
n centrifugal easting in this country and in Europe would indi- 
ate that as far as tube casting is concerned practically all the 
essential features were covered by patents issued prior to the 
beginning of the 20th century, with the exception, however, of 
those dealing with the temperature control of the metal which is 
new feature. It would appear that as far as patents are con- 
cerned there is no reason why any good engineer could not design 
\ paper presented before the winter sectional meeting of the Society, 


Washington, January 19, 20, 1927. The author, Leon Cammen, is associate 
of Mechanical Engineering and a consulting engineer, New York. 
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today a machine for casting pipe without infringing 0) 
the basic patents. It is, however, necessary to remem 
this applies only to the patent situation and that a 
knowledge of the technical features involved is absolute}: 
sary in order to design an efficient machine. It might 
well to remember that while the basic features of the 
process of tube casting are common property, those wh 
developed minor features and covered them by patents ma 
quite anxious to protect their rights. Because of this a thor 
familiarity with the patent situation is desirable to avoid 
untary infringement by using some such minor detail as 
ticular type of pouring spout that has been covered by a 
It is to assist in this that Appendix II has been prepared, givin 
as far as the author is aware, a complete list of all patents « 






































LTLV\ 





4 





patent 








centrifugal casting issued since 1848 up to the end of Novemly 
1926 by the United States Patent Office. 

When it comes to bar casting, the matter of patents bee 
rather simple in a way, there being only a few of them. As near) 
all of them have been taken out in the writer’s name, he prefers 
not to express here any opinion as to their scope. 

In speaking of centrifugal casting of steel a clear distinct 
must be made between the more or less well-known art of cent: 
fugal casting of pipes or tubes and the new art of centrifuga 
casting of bars. The purpose of the former is plain. The ecasti 
of bars is for the purpose of rolling them into such product, 
as sheet bars, plate bars, wire rod, rails, structural material, plat 












































and the like. This is a comparatively new departure and mor 
will be said about it later. 

While centrifugal casting is done to a small extent on 
vertical and inclined axis, the usual way is by introducing molte 
metal into a mold spinning on a horizontal axis. This is con 
paratively simple when dealing with such a metal as cast iror 
because temperature conditions there are suitable and the met 
ean be superheated if necessary. With steel, whether plain carbo! 
or alloy, several complicating factors have to be taken into co! 
sideration. For many reasons it is not desirable to cast sup 
heated steel, and in fact, the best castings are obtained from com 
paratively cold metal. This, combined with the rapidity 
which steel chills, makes its delivery through long spouts 
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: xcept where very large amounts of metal are involved. 
it becomes, therefore, necessary to use a comparatively short spout 
nd this, with cold molds, limits the length of the mold, and hence 
he casting. Longer castings can be obtained by using a hot 
vold, at the expense, however, of additional trouble and cost of 
eating and handling the mold. 

There is another feature, applying particularly to steel and 
special ferrous alloys of low carbon content, which also contrib- 
ites to the necessity for using a very hot mold in centrifugal tube 
asting (in this connection attention must be called to the fact 
‘hat the present part of the paper deals exclusively with tube 
asting, as conditions are entirely different in the newly devel 
ned art of centrifugal bar casting). Assume that we are casting 
_ steel tube, to be used as a hollow blank for a seamless tube mill, 
s feet long, 10 inches outside diameter and 7.5 inches inside diam- 
eter. The weight of metal in such a tube is so large that, with 
| spout extending into the mold for a distance of, say, 4 feet, 
there is no trouble to deliver metal in such a manner that a tube 
of uniform thickness from end to end will be formed even when 
the temperature of the mold is only 350 degrees Fahr. This does 
not mean, however, that the tube will be good. As the first metal 
s delivered against the fairly cold wall of the mold, it forms a 
thin tubular shell which immediately contracts on cooling, with 
the result that the east tube les loosely in the mold. ‘This con- 
dition is aggravated still more by the fact that the mold, heated 
by the contact with the very hot metal, expands. The result: of 
the combination of these two conditions is that the cast tube, 
while subject to centrifugal stresses in the process of its forma- 
tion, receives no support from the mold. The centrifugal stresses 
n this ease are fairly large, 75 to 100 pounds per pound of 
metal cast, while the mechanical strength of the shell of a centri- 
tugally cast tube, with molten metal all the time coming on top 
of it, is naturally low, and cracking of the cast tube results. 

The above explains why tubes cast in cold molds as a rule 
crack longitudinally and not cireumferentially. The centrifugal 
stresses in a tube in the process of being cast are essentially the 
same as those produced by water pressure in a cylinder, and it is 
ommon knowledge that this is why cylindrical boilers are usually 
single-riveted in the circumferential seams and double or triple 
riveted in the longitudinal seams. 
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This cracking does not occur as frequently in casting 
highly heated mold, first because the casting does not ¢ 
away from the mold until after the spinning has ceased, a; 
ond, because the mold itself is so hot that contact with t! 


vil Cast 
tube does not produce expansion to any material extent. 
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COMMERCIAL POSSIBILITIES OF CENTRIFUGAL TUBE Casting 
From a commercial point of view a distinction should 
made between centrifugal tube casting in metals which cay 
pierced and in metals which cannot. Where the metal cannot |» 
pierced, as is, for example, the case with certain chromium ani 
manganese alloy steels, centrifugal casting appears to be one ov 
the few possible solutions of the problem, very likely the best 
and there the question is not so much making the easting at 4 
cost, as producing a hollow billet at all. It is believed that unde: 
these conditions centrifugal casting has a bright and promising 
future. Short or heavy wall tubes can be made in what may be 
referred to as cold molds and tubes of very considerable lengths 
in molds heated to the proper temperature. More about this 
question of temperature will be said later. 

Where the metal can be pierced, the commercial value 0! 
centrifugal tube casting becomes less certain. Only one tube at 
a time can be east in a centrifugal casting machine which means 
that for each tube there is a considerable amount of handling 
Judging from the practice in centrifugal casting of cast iron pipe 
most of the operations are manually controlled. Centrifugal cast 
ing of cast iron pipe competes with hand-molding, a labor-devou! 
ing process, and yet it is quite doubtful whether centrifugal cast 
ing costs less than hand-molded pipe. That it costs less to make 
steel tubing say up to 6 inches by piercing than by casting, is 
fairly certain. It is only in larger sizes that centrifugal casting 
begins to loom as a competitor of pierced billets. It is however 
too early to say today which will ultimately prevail, as our ex 
perience with piercing large billets on a commercial scale is onl) 
a few months old while centrifugal casting of steel on a large 
scale is non-existent. Because of this where the billet piercing 
ean be done reliably and comparatively cheaply, the prospect 0! 
competition on the part of centrifugal casting of tubes as a start 
ing material for seamless tube manufacture is still uncertain 
Emphasis should be made, howewer, on the reliability of the pier¢ 
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Several companies under pressure of the demand 
for oil-eountry goods jumped into big seamless tube manufacture. 
Speaking colloquially, they all claim that the ‘‘water is fine.’’ 
Within a year or so we shall probably know exactly what it costs 
to pierce a 12-inch billet, and then we may find that with all its 
disadvantages casting the hollow billet centrifugally, particularly 


ing process. 


‘na hot mold, may prove to be a good deal cheaper than handling 
in the mammoth piercing mills of today. 

Centrifugal tube casting finds, however, even in plain carbon 
steel, a field of application of its own where it does not come into 
competition with the piercing process. This applies, for example, 
to the easting of very heavy wall tubes. Lately, the Watertown 
Arsenal developed a method for the manufacture of small guns, 
where the start 1s made with a centrifugally cast hollow billet, 
which is then machined and submitted to the reinforcing process 
developed at the Arsenal by Dr. F. C. Langenberg. 

Another application of centrifugal casting which bears ma- 
terial promise is under development now and deals with the cast- 
ing of tubes of very large diameter, 60 inches and over, to be used 
for the production of high pressure steam boilers (say 900 pounds 
per square inch pressure and up). 
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Centrifugal tube casting involves certain mechanical and metal- 
lurgical problems. We shall start with the latter. Earnest at- 
tention is called to the fact that metallurgically centrifugal tube 
casting is entirely different from centrifugal bar casting. The 
veneral belief that in centrifugal casting all impurities will be 
thrown out of the metal and delivered to the inside face of the 
casting In a manner somewhat similar to what occurs in milk 
separators, 1s based on an incomplete understanding of facts 
This will happen where the impurity is a big lump of clay, say, 
'; inch in diameter, and up, but not where we deal with compar- 
atively fine sonims. The viscosity of the metal is so great and 
the time during which the metal remains liquid and is subject 
to the aetion of centrifugal force is so short, that as a rule the 
finer impurities will be found in that part of the pipe to which 
they were delivered by the flow of metal. 

On the other hand, segregation is materially absent in prop- 
erly cast tubes which is due to the same causes which prevent 
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the travel of impurities to the inner face, namely, the 
time for the transfer of sonims and sulphur, phosphorus, 
manganese, and carbon compounds, from one part of the ea: 

to another. It is, therefore, as important in centrifugal] 

to use clean steel, as it is in ordinary casting. 

Krom a mechanical point of view a distinction must he 
between casting in a cold mold (which means a mold hea 
about 300 to 400 degrees Fahr.) and casting in a hot m 
the order of 1000 to, say, 1600 degrees Fahr.). In any eye) 
the machine must be substantially built with large factors 
safety, set on an extremely solid foundation (the author i; 
work always uses under the machine a monolithic coneret 
not less than 6 feet thick) and well balanced. The matte 





support of molds in tube machines is a comparatively simp 
problem. In the ease of cold molds, it is sufficient to have ¢) 






mold, which may be made of steel or cast iron, enclosed in a heay 
steel tube and provided with thin (say, 14-inch) ribs bearing 
against the outside tube. Where a hot mold is used, the mol 
should be made only of materials that do not rapidly deteriorat 
under the action of heat and that do not lose their hardness 

the temperature at which the mold is employed. Among suc 
materials may be mentioned, for example, the so-called Becke 
metal, which is an iron alloy containing from 18 to 22 per cent 


of chromium. The utmost attention should be paid to have t! 
mold thoroughly supported in its entire length over at least on 
third and preferably one-half of its outer surface. The write: 
did this by the use of sliding gibs explained in detail in his pap: 
(Centrifugal Casting) presented before The American Society 0! 
Mechanical Engineers, vol. 44, 1922, pp. 267-268. <A modified 
design of a later date is shown in Fig. 1. In this design onl) 
one of the supporting elements has forward motion, while tli 
others are stationary. 
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Hot molds used in centrifugal tube casting have to be 
tected from the solvent action of molten steel. This may be done 
in several ways. Where an extremely low carbon steel Is Used 
a layer of oxide on the internal surface of the mold will be s 

isfactory. It should not be used, however, where the carbon co! 










tent exceeds say 0.10 per cent, as there the oxide on the sur! 
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mold is reduced by the earbon in the steel: eas is formed 
;s it has no other way to get out except through the metal, 
oles result. These blowholes, by the way, have a peculiar 


somewhat like pears, with the thin end towards the mold 
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Fig. 1—Machine for Casting Centrifugally Steel Tubes in a Hot 
modified 


The writer has tried several combinations ineluding clay, 


aolin, ete., but ultimately came to the conclusion that the best 
material is eastor oil, alone or with enough lampblack to bring 
to a molasses-like condition. This should, of course, be applied 
before the mold is heated. In this connection might be mentioned 
4 curious thing about eastor oil which the writer had oceasion 
note in easting duralumin tubes some years ago. The molds 
vere heated to about 1200 degrees Fahr. after having a coating 
f castor oil applied to them. When the cast tubes were with- 
rawn, they had an outside surface as smooth as glass, and werr 
ally wet with onl. 
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There is no general formula for determining the temperaty; 
of molds in centrifugal casting. It depends on the freezing ¢| 
acteristics of the metal cast, thickness of wall of the east {y}) 
length of casting, and several other features. As a general ry), 
it may be stated, that it is advisable to teem the metal as cold 4. 
possible, even when this implies heating the mold to an especially 
high temperature. When the metal to be cast is ‘‘superheated’ 
an enormous quantity of heat is released at the time of freezing 
of the metal, and there is serious danger of the mold burning 
out. We had several instances of this in casting stellite which 
melts at a temperature much lower than steel, but is cast in a 
superheated condition. 


lap 
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| 









In casting monel metal, however, meltine 
some 400 degrees Fahr. higher, we never had a case of a inoid 
burning through. 












The mold in centrifugal casting has to be heated to some ex 
tent in any event to prevent the presence of moisture on the mold 
wall. If such moisture is present, it forms, upon contact with 
molten steel, high pressure steam which expands explosively and 
in doing so and trying to make for itself a path of escape, forms 
blowholes on the outer surface of the cast tube. It is advisabli 
therefore, to have the mold heated to at least 300 degrees Fahr 

As regards the speed at which the machine should be run. 
the writer has no definite information on the easting of tubes of 
small diameter (7 inches O. D. and under) and substantial thick 
ness (2 inches and up). For the easting of tubes, however, 
which are either of small diameter and also small thickness, or 
larger diameter and practically any thickness, the formula 

















(where r is the radius of the casting in inches) may be employed 
Where the thickness of the tube is material, the inside radius 
should be used for purposes of ecaleulation. Once the necessar) 
speed has been determined, it is important to see that it is actu 
ally produced during the only time when it really counts, and 
that is, during teeming. As the metal comes in from the spout 
it has to be brought up to full speed in a rather short time, an 
operation which consumes a large amount of power. With a motor 
which will easily carry to full speed an empty machine, tliere 


may be an appreciable slowing down when the metal begins to 
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in, and as a result there will not be enough centrifugal 
and the casting will be poor (this affects especially the 
surface). 


STRUCTURE AND SEGREGATION 


The matter of strueture and segregation in centrifugal tube 
asting of steel is generally misunderstood. As a matter of fact, 
there is no such thing as specific structure of centrifugally east 


steel, and the same applies to segregation. Both of these depend 


entirely and nearly exclusively on the rate of freezing of the metal. 
Gun tubes are now cast centrifugally in the form of a eylinder, 15 
feet long, say 10 inches diameter, and 5 inches wall. <As the tubes 
are very thick, and the mold in which they are cast is provided with 
a heavy refractory lining, the rate of freezing is so slow that if 
takes something like 1’ hours for the metal to solidify completely. 
The structure of the metal is essentially the same as that produced 
in a stationary mold under the same conditions, namely, a clear 
dendritic, with the addition that the carbon content is distributed 
by the centrifugal action substantially the same as would be cream 
ina poorly working separator. It so happens that in this particular 
case such a distribution of the carbon is desirable, while the 
dendrites can be eliminated more or less by proper annealing. At 
the same time it may be noted that the same distribution of carbon 
may be secured with rapid cooling by the method used by J. C. 
Davis in making the Davis wheel, viz., supplying a regulated stream 
of high carbon metal to the low carbon metal cast in the mold. 

Where the freezing of the metal is rapid, a fine grain free from 
dendrites is obtained (ep. Fig. 5, a ball race chromium steel, 1.10 
per cent carbon, annealed but not worked), while segregation and 
irregular distribution of carbon are reduced to a minimum. 

The selection and use of the spout may have a good deal to 
do with the success of centrifugal tube casting. The spout should 
always be so used as to discharge the steel sidewise and not end- 
wise, preferably so that the rotation of the tube should earry the 
metal under the spout, and it is well, especially in casting large 
tubes, to experiment a little with the location of the spout, and 
after the best location has been found, see to it that it is used. 
It is well to place the spout as near the wall of the mold as the 
thickness of the casting will permit. Where the spout is clay- 
lined, it should be carefully inspected before and after each cast- 
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ing, to make certain that no bits of clay have become lovs 
a spout should never be patched up between two easti 
the action of the hot metal is apt to loosen the pateh or 
further cracking around it due to the expansion of steam 
patch. Only high grade refractories should be used in the jai 
and it should be properly dried before being used. The utimo, 
eare should be taken to have the spout well supported: the writer 
knows of a case where this was not done, and the resulting 
was anything but pretty. The hotter the spout, the better 
and where casting is done on a regular schedule, it is a good » 
not to let the spout cool off much between easts. 


Centrifugal Bar Casting 





This is to all practical purposes a new art. While 
attempts have been made to cast bars, gears ete., in the | 
none of these led to satisfactory results and practically all suc! 
attempts were usually abandoned after a few trials and withou! 
comprehension of the reasons which made the attempt abortiy: 

Referring to Fig. 2 and considering only the barrel part o| 
the mold A, one will see what amounts to a mold for casting 
tubular shapes. It differs from such a mold, however, becaus 
of the presence of partition lugs B. Assume now that we employ 
this mold in the same manner as we would employ a mold for 
making tubular castings, as has been actually done by a number 
of would-be inventors of centrifugal bar casting. Offhand on 
would suppose that the problem is very simple. Centrifugal fore 
throws the metal to the wall and if the metal be delivered 
such mold as shown here it ought to be thrown to the botton 
of the cavities between the partition lugs and form little ingots 
therein. It actually does it in as far as the forming of the ingots 
is concerned. The only trouble is that the metal thus formed 
is absolutely worthless. A clear understanding of the reasons 
for this failure will give an inkling as to the metallurgical mecha) 
ism of centrifugal bar casting. 

The mold shown in Fig. 2 is spinning on a horizontal axis 
The partition lugs may be anywhere from 5 to 15 inches long 
the inside diameter of the mold from 50 to 100 inches and t! 
speed of the order of 6000 feet per minute on the inner surfac 
When molten metal is coming down from the spout into a mold 
of this size and running at such a speed, it is apt to be hi 


CENTRIFUGAL CASTING OF STEEL 


ee 


FP? fC 


casting 
hecaus 
employ 
old ror 


number 


Vertical Plane at 


nd ont 
al fore 


igh 


Throw 


ered 


botton 


Section 


fugal Bar Casting Machine 


Centri 


) 


Fig. ; 

















TRANSACTIONS OF THE 4A. 8. S. T. 




















They 
—_ «ce ~ — | 
| “eo 0. « \ ee oh a 3 
Wr NN \ eRe: ‘ 
| FRM A Linke | 
SSS egy SEES RN Une 
i : Pry — y yy Sy or on 
Z S N A X nect) 
A Ses NB 
Swe Sly x 
sii RN uZs mt 
Ege TAIN 
i do Y \ y | ~ 
‘ ‘i S ear 
Zi ae a 
f In Pp 
t a 
% Eo 
apeet 
the 
ol | 
thu 
fore 
the 
rea 
Th 
hlo 
pal 
cl 
{10 
= de 
ToT rH | Nes 
MA A | eZ 
3 Z I y 
{ N bal a i. 
| ay TR aeagecs: Fm oN SS ) 
| CCU er . <4 SS 
AW So S58 
WY E = N 
{ Lf S “> 
tl 
Vi 





the partition lugs and broken up into a fine spray. ‘This spra) 
instantly chills in the air and comes down into the metal in the 
form of shot. Some of this shot is remelted and re-incorporated 
into the metal, some of it is not. The result is that when the bar 
is rolled, the cold shot is knocked out and holes are left in the 


spray 
in the 
orated 
ne bar 


in the 
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lied product. Some years ago at the works of a certain elec 
trical company, bars were made by this process. After casting 
they looked fine, but when rolled out into sheet the product had 
the appearance of a screen than of sheet. 
This difficulty has been overcome in the Cammen_ process 
the writer begs to apologize for the use of his name in this con 
nection, but eannot help doing so, as practically the entire work 
in the development of the bar casting process within the last five 
years has been done by his own organization and incorporated 
, vo. 
(he metal is teemed against the smooth-walled, restricted neck 


I of the mold; here the metal is picked up by the rapidly spin 


in patents issued in his name) by the construction shown in Fig. 3 


ning mold and pressed by centrifugal force against the wall of 
the mold. It cannot get out of the mold, because of the presence 
of the collar G, and therefore has to go the other way. It is 
thus foreed down over the shoulder H, gaining in centrifugal 
force as this is done, because of the increase in diameter. By 
the time it reaches the beginning of the partitions at J, it is al 
ready spinning at the same rate as the partitions themselves. 
There is therefore no relative motion between the two and no 
blow, the metal generally flowing around the shoulders of the 
partition lugs and filling the spaces in between. This is what is 
actually happening in the machines and resulting in the produce 
tion of bars absolutely free from cold shuts. The use of this 
device at the end of the mold, called ‘‘bottle neck’’ is one of the 
characteristics of this process. Equivalent designs have been de- 
veloped and covered by patents. The only one, however, which 
is beheved to have a real production value is the one shown in 


hie, 3, 


MECHANICS OF CENTRIFUGAL BAR CASTING 


Let us see now what happens when bars are cast and why 
this process is believed to have a metallurgical and technical 
value. In econtradistinction to centrifugal tube casting, centrifugal 
bar casting permits the handling of large amounts of metal from 
perhaps 5 or 6 tons for sheet, bar and wire rod molds up to some 
dU tons per machine in rail and structural steel billet casting. 
Because of this a close control can be had on the rate at which 
molten metal is delivered to the spinning mold. As the first 


etal comes in it instantly freezes, probably close to the beginning 
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of the partition lugs. The next metal, however, flows a little wa, 
over the hot metal previously solidified, rather than over the 
cold wall, which gives it a chance to reach further out into ¢h, 


mold and really produces an equivalent of tube casting in « | 


’ 
ti) 







Ropes 


CLIT TF FPT Zhe 












Kig. 4——-Diagrammatie Lllustration of the Process of 
lreezing of Centrifugally Cast Bars, 


mold. In this way from the first metal teemed from the ladle 


a thin layer is formed the full length of the mold, which may be 
anywhere from 61% feet to 14 feet and more long. As the next 
metal comes in, it is flowing over the layer of extremely hot metal 
which has just solidified. It is important to teem the metal from 
the ladle into the machine at such a rate that at no time should 
there be a layer of molten metal present of a thickness greater 
than say 14 inch. 






Fig. 4 shows diagrammatically an original sol 
idified layer of metal in immediate contact with the mold, and 
the next layer thereon which is still molten. As will be made 
clearer later, the rate of teeming is one of the most vital influ- 
ences affecting the structure of the cast bars. 

Now a continuous process takes place. As more molten meta! 
is added at’ the top of the layer of molten metal already present, 
the bottom of this layer solidifies and in this way the thickness 
of the solid layer is increased while that of the molten layer 
stays approximately without change. This has several results 
In the first place the solidification of the metal proceeds at ° 
fast rate so that roughly not more than 30 to 45 seconds, and 
possibly much less, elapses between the time the metal leaves thie 
ladle and the time it solidifies in the mold. Compare this with, 
say, 15 minutes to 14 hour that the same process takes inside o! 
a 3-ton ingot under the usual practice. It is this very great 
rapidity with which the metal freezes that makes it practically 
impossible for segregation to take place. 

In an ordinary ingot, freezing proceeds in the following 
way. The shell of the ingot rapidly freezes all around while the 
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ventral core remains molten for a long time. <As the metal freezes 

contraets and as the freezing proceeds from the outside of the 
shell inward, a contraction takes place in the shell while the 
ceniral part of the ingot is still liquid. When the ingot finally 
freezes, a series of planes of weakness are formed which in a 
rectangular ingot are directed roughly alone the diagonals ot 
‘he horizontal section. The larger the ingot the greater and more 
dangerous are these planes of weakness. Without going into de 
tailed discussion of their origin which is well known, it may be 
said that the most essential condition for the formation of such 
planes of weakness in an ingot is availability of time. In centri 
fucal easting no such time is available, and hence the most im 
portant condition is removed, so that ‘‘ingotism’’ becomes impos 
sible. Furthermore, the freezing proceeds in thin layers and the 
metal while freezing is perfectly free to draw from the molten 
layer present at its top until the final layer is being formed. 
Because of all this, centrifugally cast bars have been found to be 
absolutely free from such planes of weakness as are encountered 
in stationary ingots. 


ELIMINATION OF GASES CONTAINED IN Mouren METAL 


When we come to the matter of gases, a somewhat more 
complicated eondition is found to exist. All molten steel con 
tains a certain amount of gases held in solution. <As the metal 
chills, its ability to hold the gases decreases and a liberation of 
vases takes place. This action is extremely rapid and will take 
place even during the short period of freezing available in centri 
fuval bar easting. As the temperature of the bottom of the 
molten layer decreases from that at which it reached the bar ini 
tially to that of freezing, the metal liberates gases which grad 
ually accumulate in the molten layer maintained on top of the 
bar by flow from the ladle. The ability of this layer to hold the 


vas in solution is, of course, quite limited, so that after a while 


i discharge of the gases from the metal into the air takes place 
and the topmost layer may be considered in the light of a sat 


urated solution of gases in question in the metal. As long as 
new metal is supplied to the bar this condition will be main 
tained more or less stationary. It is only when we come to the 
topmost layer at the end of the casting that we have to consider 
vhat happens to the gas dissolved in the metal. The answer de 
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pends on the rate of freezing of the topmost layer and on 
velocity of rotation of the machine. If this topmost laye: 
thin, metal being supplied from the ladle at a comparatively 

rate (more will be said about it later) only a comparatively 

layer of the ultimate metal structure is at best affected by the 
presence of gases, even should the metal freeze in such a man 

ner as to prevent their possibility of escape. In that layer, how 

ever, the gas liberating from the metal may be unable to escape 
and small blowholes may be formed. The question of speed at 
which the machine is run becomes of importance here. 

The centrifugal force exerted on the metal during spinning 
varies as the square of the number of revolutions, let us say 
per minute, so that if the ‘‘factor’’ at 200 revolutions is 4, the 
factor at 300 revolutions becomes 9, etc. The higher the speed 
the greater will be the pressure of the metal outwards, and the 
greater will be the tendency to force out all gases as they form 
towards the innermost layer and thus possibly out of the metal 
entirely. As a matter of fact, some interesting tests were mad 
in a demonstration machine of small diameter and hence run- 
ning at comparatively high speeds. Bars were cast some 61/, 
feet long, 4 inches wide and about 11% inches thick, the purpose 
of such a test being to determine the most difficult conditions 
under which the process can be applied, the combination of con 
siderable length of bars with their small cross-section being, of 
course, such as to make the application of the process most difficult. 

When the machine was run at 900 revolutions which gave a 
factor of 8.1, and low earbon (0.09 to 0.12 per cent) effervescent 
steel was teemed, the outside layer of the bars was found to be 
quite good, but the inside layer to a depth of about 1% inch was 
full of blowholes, some of them more than 14 inch in diameter. 
The speed was then raised to 1100 revolutions, giving a factor of 
12.1 or about 50 per cent higher than before. The change in the 
character of the section of the bar was extremely .interestin: 








































































































In many places the porosity disappeared completely, the bar being 
solid throughout. In other places some porosity still remained, 
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but it extended to only about 14 inch from the innermost face 




















the machine was not strong enough to permit operating it at 1200 
revolutions which would give a factor of 14.4, particularly as 








of the metal and the blowholes were now small. The frame ot 
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5—Structure of Centrifugally 


Annealed but not Worked. 
Cast Bar (Reduction in Rolling 1 in 6). Fig. 7—Structure of Centrifugally ¢ 
1.5 Inches) Improperly Cast. 
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Fig. 6—Structure of Strip Rolled from 


Sheet Rolled from the Type of Bar Shown in Fig. 7. (Hot 
and Terne-coated). 
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sufficient information was believed to have been obtained 
the runs at 900 and 1100 revolutions per minute. 


STRUCTURE OF CENTRIFUGALLY C4st Bars 


Many tests on centrifugally cast bars have shown that 
structure of the metal is intermediary between that of the x 
age ingot and that of a forging. Fig. 5 shows the structure 
a centrifugally cast bar properly made. Fig. 6 shows the ma 
structure of a strip rolled from one of the bars made at the sg; 
time as the bar shown in Fig. 5. 


ill 
Although very little rolli 
work has been done on the metal (a reduction in thickness 

about 1 in 6), and that in a very light mill, no lines due to invo' 
ism are present. 











On the other hand, Fig. 7 shows a centrifugal, 
cast bar made experimentally and not under the writer’s supe 
vision by people who ought to know better but did not, and 

shown here merely to illustrate some of the troubles that may 
occur when centrifugal bar casting is not applied properly. In 
this case, effervescent steel (0.12 per cent carbon) was teemed 
from the furnace into a 50-ton ladle. About two-thirds of the 
ladle was then poured off into ingot molds. Next, a small auxili 
ary ladle was filled from the big ladle, and this was teemed into 
the centrifugal casting machine. It is obvious that in pouring 
the metal from the big ladle into the small ladle, all the dirt and 
loose clay in the latter was washed into the metal; the latter was 
also very viscous as the metal was quite cold in the big ladle 
by the time three-quarters of it was poured off, and was stil! 
further chilled by being poured into the small ladle. As ex 
plained above, centrifugal foree alone will not get rid of dirt 
under such conditions, and this is well illustrated by the flecks 
of dirt visible in several places. 


is 




















Centrifugal bar casting is no! 
a cure for dirty steel or an excuse for poor practice. Fig. 5 
shows a photomicrograph of sheet rolled from centrifugally cast 
bars only 1.5 inches thick. It is significant for two reasons. In 
the first place, effervescent steel was used in casting the bars, 
and no blooming could of course be done on such thin castings. 
Nevertheless, the sheet is free from porosity and blowholes. |n 
the next place, only little work could be done on the metal in 
the rolling, and yet the structure of the rolled sheet is by no 
means inferior to that made in a conventional way from big 1! 









cots. It is important to remember, however, that centrifugall) 
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cast bars are not intended to be used as final products, but merel) 
.; material for rolling and forging. 


In speaking before a body of experts, such as represented by 
the American Society for Steel Treating, it is unnecessary to ex- 
plain formation of pipe in an ingot. The recognized theory today 
's that it is due in part to evolution of gas on freezing, essentially 


n the manner described above, and in part, to the fact that in 
an ordinary ingot the external surface solidifies first, and the core 
last. The volume of the ingot is, therefore, determined on the 
solidification of the shell and when the core solidifies and con- 
tracts it ean only do so at the cost of forming a cavity. This 
ean be prevented in part by such methods as hydraulic compres- 
sion of ingots, which, however, are not applicable to the great 
majority of steel products. Another method widely resorted to 
is the use of dozzles or hot tops, but this means only transferring 
the pipe eavity from one part of an ingot to another. In centri- 
fugally cast bars the same process takes place. As the bottom 
layer solidifies it contracts and if left alone would form contrac 
tion cavities. There is, however, an overlying layer of molten 
metal powerfully pressed against the solidifying lower layer, and 
this serves efficiently to fill up contraction cavities. It is only 
the last layer of metal that has no such source of molten steel 
to help it out, but here contraction is limited to only a thin strip, 
probably not more than 14 of an inch, and such contraction cavi 
ties as May occur are apparently too small to be noticed. On 
the other hand, if metal is teemed into the mold too fast, and 
particularly if too much vibration is present in the mold, the sur 
lace is apt to be rough or wavy. 

Because of this, in a properly teemed bar, there will be no 
cavity. Emphasis should be laid, however, on the bar being 
properly teemed. If the metal is supplied to the mold at an ex- 
vessively fast rate, a heavy layer of molten metal is present at 
the end of the teeming. It may (and actually has) happened 
that the outermost face (i. e., the one toward the inside of the 
mold) exposed to the cooling action of the air will freeze first, 
and the inner layer of molten metal next. In such a case con- 
traction cavities will be formed substantially in the same manner 
as in a stationary ingot. However, instead of lying inside of 
the ingot, they will all be located at some distance below the inner 
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surface of the bar. This does not make them any more des 
and the greatest attention should be paid to determining fo) 
size of bar cast, each size of machine, and each speed of ma 
used, the proper rate of teeming which can be then maint: 
by using a nozzle of the proper size. 


ne 


MECHANICAL AND OPERATING DETAILS 

Because of the novelty of the process of centrifugal bar 
ing something might be said about the details of its applicat 
As stated above, the purpose of centrifugal casting is to pro\ 
material for use in rolling or forging. 


on. 
di 
Let us consider the former 
Today for rolling, such as, for example, rails, a large ingot jis 
east, say, 24x24 inches in cross section, some 6 feet long. Thy 
ingot is then delivered to the soaking pit and thence to the bloom 
ing mill, where it is converted into a billet or slab suitable for 
the production mills (this term will be used henceforth to cove: 
the roughing and finishing mills). The purpose of centrifugal 
bar casting, on the other hand, is to produce a bar of such a siz 
and character of metal that it would be directly suitable for rol! 
ing in the production mills and would give an ultimate product 
of a quality not inferior to that produced by the ordinary process 
This means that the character of the material should be such that 
the ultimate result would not be affected by the elimination 0! 
blooming. The section of the bar should be such as to be direct] 
suitable for use in the production mills and its length should ly 
such as to make the use of production mills economical. 
Several considerations are involved here. The first of them 
is,—Why is blooming required today? Tests made some years 
ago at the Bethlehem Steel Company on forgings have shown that 
even if the cross section of an ingot is reduced by forging in the 
ratio of 64 to 1, which is more than any blooming ever did, ingot 
ism is by no means completely eliminated. On the other hand 
blooming in present ingot practice is used for excellent reasons 
The ingot as cast today has an extremely variable structure 
the metal being fine-grained and strong in the shell which freezes 
first and does it rapidly. It is coarse, pipy and vitiated by planes 
of weakness in other parts of the ingot, especially the core wher 
freezing is slow and where it proceeds simultaneously with thie 
development of considerable mechanical strains. What blooming 
does is, by rolling the metal at practically welding temperature: 
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and under enormous pressures, to equalize the structure more or 
less throughout the body of the metal and to eliminate to a greater 
or lesser extent the weak spots enumerated above. Where, as in 
eentrifugally cast bars properly made, these weak spots do not 
exist, and where the structure of the metal is fairly uniform to 
start with, blooming would not improve the metal, and it can be 
safely eliminated. As a matter of fact, sheet was rolled from bars 
not more than 11% inches thick and the physical characteristics 
of the product were in no way inferior to those of sheet rolled 
from conventional big ingots. (Fig. 8) 

Figs. 2 and 3 show two sizes of machines; one comparatively 
small for easting sheet bars 531% inches inside diameter of mold, 
and 12 feet long, and the other for casting plate bars 90 inches in 
diameter and 14 feet long. A machine is now being designed for 
a licensee to cast rail bars 9 inches X 101% inches X 1314 feet 
to take 28 tons of metal at a clip; the other two machines taking 
respectively 6 tons and 17 tons per operation. Not enough prac- 
tieal experience is available today to tell exactly how many ma- 
chines of each size would be needed to take care of a furnace 
of say, 120 tons. It is expected, however, that five machines with 
one standby of the smallest size here shown would be amply suffi- 
cient and three machines with one standby of each of the larger 


SIZ@S. 


RATE OF TEEMING IN Bak CASTING 








As indicated above, the matter of rate of teeming of metal 
from the ladle is of the most vital importance for the success of 
the process. As stated above, during teeming a layer of molten 
metal of not more than 14 inch should be maintained in the 
machine, and it may be added that if such a layer could be main- 
tained in an ordinary ingot, the metal produced would be prob- 
ably as good as when made by centrifugal casting. Centrifugal 









force, while rendering certain useful services, is not an absolutely 
essential element to the suecess of the process apart from help 
in distributing the metal, and it is the rate of cooling of the bar 
that contributes the vital share to freeing it from the defects of 
the conventional ingot. Take an ingot 24 X 24 inches, X 72 
inches long. Assume that it takes 20 seconds for a layer 14 of 
an inch thick to freeze. It would need then over 1% hours to 
teem such an ingot, which is obviously out of the question. ‘Take, 
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on the other hand, the 90-inch machine shown in Fig. 2. 
contains 8 bars which will be described as being, for the x 

simplicity of calculation, 24 inches wide and 14 feet lon I) 
such bars a layer of metal ! 


4 inch thick represents 2688 pounds 
so that assuming the freezing at the same rate as above, 

a rate of teeming close to 344 tons per minute, which is not on) 
perfectly possible but in fact much faster than is done in 
ing conventional ingots today. In other words, by laying inyw 
on a side instead of filling the mold vertically and by providing 
in each machine a considerable number of bars cast at the sam 
time we succeed in combining a fast rate of teeming from {! 
ladle, which is of advantage from the shop point of view, wit! 
a slow rate of building up the ingot (eliminating segregatio 
and ingotism), which latter also means a fast rate of freeziny 
of the metal: an ideal combination, totally impossible when cas 
ing large ingots in a stationary mold. The same in a small way 
is being done in casting small ingots, such as tool steel, by tly 
so-called tundish process, but is not suitable to big ingot casting 
for several well known reasons. 

The metal is delivered to the mold through a spout (Vig. 3 
from a conventional ladle equipped with such a nozzle as the ney 
use may call for. The ladle crew is not affected. There is a man 
on the floor acting as a foreman who watches the metal cone 
into the machine and notifies the ladle crew when to shift to th: 
next machine or stop pouring. By standing in front of the ma 
chine and leoking into it one can see the metal come in and tlie 
bars being built up. Because of the provision of the bottle nec! 
at the pouring end and the powerful pressure exerted on tli 
metal by centrifugal force, there are no sparks of metal flying 
out at the other end and it is perfectly safe to stand in front of 
the machine at some distance. At the left corner of Fig. 3 is ob 
served the ‘‘gaging head,’’ which is a spillway for the metal. 
This determines the thickness of the bar cast. As the metal comes 
in, it gradually builds up in thickness and when it nearly reaclies 
the height of the gaging head the foreman on the floor motions 
to the ladle crew. It is always of advantage to pour a little over 
As the last metal coming from the bottom of the ladle is apt to 
earry a lot of dirt, it is of advantage to permit in the last pour 
ing quite a little of the metal to run over the spillway. This 
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enable the elimination of the dirt from the last teem. This 
yay or gaging head is shown in another view in Fig. 9. 
which overflows into the head forms in the lobes little 


Fig. 9——Gaging liead for Bar Casting Machine (53.5-inch Machine) 
5 4 


astings which are easily shaken out of the head when it is re- 
moved for withdrawing the bars and do not stick therein as would 
solid ring. 

HANDLING THE Cast Bars 
We have now reached the stage where bars of proper shape 
ind thickness have been formed in the machine. The next prob- 
em is how to take them out. Fig. 10 shows that. As will be 
a noticed in the left part showing a cross section of a mold with 
eaches ihe castings, the partition lugs are provided with shoulders. This 
otions is an important feature of the mold. Had there been no shoulders 
~— on the partition lugs or some similar device, the bars would fall 
apt to in a heap when the machine slows down at the completion of 
pour the teeming; this not only might lead to denting of the surface 
This of the mold by the bars indiscriminately thrown about, but would 
make their extraction from the mold a difficult and uncertain job. 
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To avoid this, the lugs are so designed as to permit the top bar 
or bars) to clear away a certain distance from the wall of the 
mold and yet not go far enough to fall out completely. 

When the metal has been all teemed into the machine, a brake 
is applied to the mold rapidly stopping its rotation, and a device 
not shown) stops the mold in exactly the position shown in Fig. 
10, As shown in the center of that figure the gaging head can 
be moved horizontally by one hydraulic cylinder and vertically 
by another cylinder. As soon as the machine stops the gaging 
head is pulled out of the way sufficiently to leave one or two of 
the bars on top of the mold free to come out. The pulling device 
diagramatically shown in the right hand part of Fig. 10 is next 
brought into operation. ‘This consists of a grab device operated 
by a hydraulie cylinder so arranged as to engage one, two or 
more of the bars. As soon as one bar has been pulled out the 
‘‘mold-stepping device’’ shown at the bottom in the left-hand part 
of Fig. 10 is brought into operation turning the mold through 
such an angle as to bring one or more bars in line with the grab- 
bing device, the bars pulled out being in the meantime delivered 
to a car or conveyor. The pulling device and the mold-stepping 
device are so interconnected that one actuates the other and the 
veneral arrangement is such that one man in the gallery can oper- 
ate five machines without trouble by pulling a series of inter 
locking levers. 

While it is believed that ultimately the operation of the 
machines will be made so positive and reliable as to permit send- 
ing the bar from that machine directly to the production mill, 
it is proposed today to place a reheating furnace between the 
casting machines and the rolling mills so as to ensure to the bars 
a uniform and proper temperature. 

Experiments would indicate that a wide selection of sizes is 
possible as far as the ability to make the bars is concerned. Bars 
bl feet long and 4 inches wide have actually been cast in thick- 
ness of less than 1 inch, and, of course, the bigger the bar the 
easier it is to cast it. Hence, only economic considerations will 
govern the selection of size of bar, these considerations resolving 
themselves into the matter of effecting a compromise between the 
cost of easting and the cost of rolling. Obviously the bigger the 


bar, the cheaper it is to cast it, but the more passes it requires 
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in rolling. The lighter the bar, the more expensive the ¢ 
becomes, and the cheaper the rolling. 

There is one feature in the design of the machine 
threatened to cause a lot of trouble, but which has been overeoyy. 
in a simple manner. This is the question of the partition |yos 
It is, of course, possible and may be ultimately found wise ; 


east the barrel of the mold and the partition lugs in a sinole 
piece. In fact, a special design of milling machine has bee de 


veloped to machine the inside of the barrel and lugs so east. Care- 
ful study of the subject showed, however, that at present any 
attempt to cast the lugs in with the mold would increase greatly 
the cost of casting and subsequent machining, and be apt to lead 
to more trouble in casting the barrel. It must be realized that 
the barrel in this case may weigh anywhere from 25 to 100 tons 
and possibly more. 

Casting the barrel as a simple cylinder and putting in the 
lugs afterwards has several advantages. It makes a pattern wi 
necessary, makes the casting much simpler, reduces the chances 
of warping, and makes the machining of the inside of the barrel, 
where a boring mill of sufficient size is available, a comparatively 
simple proposition. On the other hand, when it comes to casting 
metal in a barrel with the lugs attached, grave possibilities o! 
trouble begins to loom up. The lugs are slender as compared with: 
the barrel of the mold. They are therefore apt to become heated 
through contact with the molten metal, more than the _ barre! 
unless the flow of heat from the lugs to the barrel is so pertect 
as to provide a rapid means of equalization of temperature. [re 
vious experiments have indicated that there can be no rapid flow 
of heat where two bodies of metal are connected otherwise than 
molecularly, and that no matter how well two machined surfaces 
are fitted together the break between them offers a formidable 
obstruction to the flow of heat. It was therefore to be feared 
that the partition lugs would become heated faster than the bar 
rel, expand, and tend to warp the barrel, which has enoug! 
troubles of its own without this additional complication. 

To avoid this the design shown in Fig. 11 was developed 
Here the partition lug is deliberately machined so as to leave on 
both sides a liberal space between it and the barrel of the moli. 
The lug is attached to the barrel by means of studs and pins 
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on both sides are provided to keep the lug in position. Metal, 
preferably iron, is then electrolytically deposited between the par- 
‘ition lug and mold on both sides, the parts on which it is not 
jesired to deposit any metal being painted over with molten 
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Fig. 11—Partition Lugs and Method of Their Attachment (Showing Good Flow of Heat 
irtition Lug to Barrel of Mold is Secured by Electrodepositing Iron). 
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eresine. The edges of the lugs are then spot-welded to the mold. 
While the mechanieal strength of electrolytically deposited iron 
is uncertain this does not matter in the present instance, as the 
studs are relied upon to hold the lugs in position. On the other 
hand, such a deposit affords an excellent path for the flow of 
heat as has been amply proved by experiments. An effort was 
also made to form a deposit between the lug and barrel of the 
mold by the Schoop process. This has not led, as yet, to per- 
fectly conclusive results, although there is reason to expect that 
it may be applied. 









LIFE OF MoLps 





This is an important subject affecting as it does the cost of 
bars produced by centrifugal casting. It is regrettable, there- 
tore, that not enough information is available to state with author 
ity what the life of the mold would be under given conditions. 
The rather limited practice in the past has shown that molds are 
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only little affected even when working under the most str 
conditions. The following should be taken into considerati 
this connection. The molds in bar casting machines are extre 
heavy, weighing from 4 to 7 times as much as the metal east, 4) 
the cast bars are removed quite rapidly. Because of this. {\) 
mold never becomes very hot, and in fact, it is not desired 
it should exceed say 500 degrees Fahr. at any time. 

The surface of the molds is carefully machined and the ars 
when being pulled out, rub against the shoulders of the partition 
lugs and not against the barrel of the mold, which is also in fayor 
of a longer life of the mold. The mold material, which is of sof: 
steel, and the circular shape of the mold are so selected as to pre 
sent the best resistance to cracking due to thermal stresses. There 
are, however, two sources of trouble to be considered. One js 
burning out of the mold in spots, possibly at places where in 
casting the barrel, a small blowhole was formed under the ski) 
Should this happen, all that is necessary to do is to take the mol 
out of the machine (Fig. 2 shows how this can be done in a few 
minutes by loosening the bolts connecting the top and _ bottom 
parts of the frames), drill out the burnt spot to uncover sound 
metal, and deposit electrolytically iron into the bad spot. This 
method is successfully used to repair erosion in guns, and the 
huge size of the molds, 50 to 120 inches I. D., makes its applica 
tion easy. 


71 \ 


Lhat 


The other possible source of trouble lies in the possibility o! 
oxidation of the surface of the mold between castings. It is ex 
pected that this will be taken care of ultimately by depositing 
upon the surface of the mold some non-sealing material, and ex 
periments made thus far show a good promise of success in this 
direction. It has been found, however, that this tendency to scale 
is not great anyway, and a mold will probably stand at least 
1000 castings before it has scaled sufficiently to make trouble 
When this happens, the partition lugs may be taken out and the 
mold rebored. 

While this feature of the life of the mold has hitherto re 
ceived only a somewhat sketchy treatment, it must be remembere:! 
that the whole art of centrifugal bar casting is only in its infanc) 
At the same time it should be borne in mind that it has alread) 
attracted the attention of some of the most powerful independent! 
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companies in this country. In a process promising to save 
ome $3.00 to $6.00 per ton of steel it would not take long to 
sraighten out such details as protection of the mold against sur 

scaling. The above estimate of savings is however made for 


yolds not so protected. 





ADVANTAGES OF CENTRIFUGAL BAR CASTING 





The question may be raised as to what are the advantages 
' centrifugal bar casting as compared with the present method 
of ingot easting and blooming. Not enough work has been done 
vet to establish with certainty that centrifugally cast material 
possesses properties essentially superior to steel well made by the 
onventional process. It has been found that if the metal is 
dirty in the ladle, it will be dirty in the casting, so that centri 
fugal casting is not a eure for poor furnace operation. On the 
ther hand, there is good reason to believe that in properly made 
entrifugally east metal segregation will be entirely eliminated 
or at least greatly reduced. The main value of centrifugal bar 
asting (and herein it differs materially from centrifugal tube 
asting) lies however in the stark matter of costs. The reduction 
{ cropping from an average of 12 per cent (running as high as 
’) per cent in some special cases, such as rails) to about 2 per 
cent, and the elimination of the entire blooming operation with 
all it implies, are equivalent to a reduction in costs of from $3.00 
to as high as $6.00 per ton on standard products, as shown in 
detail in the report of Barton R. Shover, reprinted in part in 
\ppendix I. 

This is not the whole story yet, however. A Committee of 
the American Iron and Steel Institute (Chairman, C. O. Hadly) 
recently made a report on Quality Classification and Average 
xtra Cost Above Base of various kinds of steel blooms, billets and 
slabs. The special requirement in Class SR is that the surface be 
tree from visible imperfections. Centrifugally cast bars, properly 
made, are free from such imperfections on three sides always, 
ind the fourth (innermost) side can be milled at a cost of some 
‘0.10 per ton, while the average extra cost above base as specified 
ny the Committee is $2.50 per ton. 

In Class DR a similar extra of $2.50 is allowed for freedom 


irom piping obtained in ordinary ingots by special top discard. 
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As centrifugally cast bars are naturally free from piping, excep 
possibly on the innermost face (and this can be taken care of }) 
milling), practically the entire extra goes into extra profit with 
the new process. 

In Class SDR an extra cost of $5.00 is specified for a eom 
bination of special requirements of the two classes just discussed. 
It becomes practically extra profit for makers of centrifugall 
east bars, and the same applies to Class F, steel of forging «ual 
ity. If you add to the above the saving indicated by the Shover 
report (Appendix I), there will be a difference in costs betwee 
centrifugally cast products and those made from ingots cast in 
stationary molds of the order of $6.00 to $8.50 per ton, an enor 
mous difference in costs for plain carbon steel. This difference 
in costs, even apart from possible improvement in the quality of 
products, that would appear to serve as sufficient justification for 
the development of centrifugal casting. 

To existing steel plants the elimination of the blooming mill 
will not be entirely welcome, perhaps. Few like to think of scrap 
ping $100,000,000 worth of equipment, some of it very new, even 
if economies are to be secured by such an operation. New mills 
will however appreciate a cut in initial cost of the order of 
$2,000,000 to perhaps $2,500,000. 


Appendix I 





Abstract of Report on the Cammen Process of Centrifugall) 


Casting Blooms, Billets and Slabs, with special reference to Costs. 





By Barton R. SHOVER 





The yield from molten steel to finished blooms in the centr 
fugal casting process is much higher than even the best practice 
by the present method of casting in stationary ingot molds. 

The cost of molds and stools, stripping, also soaking pit and 
blooming mill operation are eliminated. For these operations 
are substituted the casting machine, milling the bars and re 


heating. 
COMPARISON OF CosTSs 
The comparison is made on rolling 39-foot 100-pound rails. 


Costs are based on the A. I. & S. E. E. ‘‘Cost and Practice Chart. 
Blooms are assumed to be 914 X 91% inches X 13 feet 3'inches 


to produce three 39 foot 100 pound rails with a 30 inch crop 00 
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each end of the finished length. Each machine makes 18 bars 


per cast. 
. Oe PED nas ctecbeeedewsee coke, Se 
Te TET eee eT eT Tee 167 Ibs. 











Wes OC BORON on cccccccccesccsscces SORl em, 


The Cammen cast bar has a wedge-shaped piece on one end, 
which must be cut off, also 14 inch milled from one surface. 












Weight of bloom .................. 4067 pounds 
Weights of wedge piece ............ 153 pounds 
Weight of part milled off .......... 108 pounds 








Total weight of cast bar ........... 1328 pounds 


Yield, steel to rails ......... 3900 





4328 90.1% 









Ingots required for bleom ...... 4067 


S1 (Yield) 5021 Ibs. 


Yield, steel to rails ......... 3900 


5021 

















Increased yield over present MIGCTNGGS ....6.06000 2% 





The difference between the cost of ingots and Cammen process 
cast blooms would be in: 






Teeming Labor 
Stripping Labor 

Floor Labor on Cammen Machine 
Molds and Stools 

Up-keep of Cammen Machine 
Electric Power 
Milling the cast bars 








Teeming Labor—Less skill is required for both ladle crane- 
men and steel pourers to teem a ladle of steel into three troughs 
than into the usual molds, but this is neglected in estimating 


the labor eost. 











Stripping Labor—-The Cammen process eliminates this item, 
but substitutes a pulpit operator of about the same qualifications. 

Floor Labor—The machine will require a floor man, which 
at $10.00 per turn and with 1500 tons per day output, would 
mean a cost of $0.02 per ton of bars. 

Up-keep of Cammen Machine—This is an unknown quantity, 
but with the exception of the casting barrel itself, the upkeep 
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should be no greater than that of ingot cars and strippe: 
cost of casting barrels is considered under the next iten 

Molds and Stools—The average cost of molds and 
about $0.16 per ton of ingots for conversion and freic! 
not counting the cost of the pig iron. The cost of the castiy 
barrel per ton of bars cannot be determined but the folloy 
offered as an estimate. 

The barrel is a steel casting 13 feet, 314 inches long, 4| 
9 feet in diameter and 10 inches thick. It weighs approximately 
200,000 pounds and at 10 cents per pound would cost $20,000.00. 

There is sufficient metal to allow boring out 1% inch three 
different times, which means a total of four surfaces for the entir, 
life. The cost per boring would be about $1500.00, and ther 
would be approximately 20,000 pounds removed, leaving 180.0) 
pounds or 80 tons as scrap. The total cost of the barrel fo 
entire life would be: 








200,000 pounds Cee eee TE TTT Ee, 


Se a eS ee ee ye ee (@ $1500.00 


$20,000.00 
o borings 


4,500.00 





$24.500.00 


Less 80 tons scrap 1,280.00 


i ae De Re ace (a) $16.00 











Net cost per barrel $23 220.00 










While the number of heats per barrel is unknown, an analy 
sis of the conditions under which the barrel operates and yarious 
factors affecting its life would seem to warrant an estimate of 
1000 casts per surface, or 4000 for the life of the barrel is within 
reason, but assuming 2000, the cost per ton would be: 





$23,220.00 
— — : $0.33 
34.8 x 2000 









With experience in regard to the proper analysis of the steel 













used for the barrel, casting temperatures and methods, there 
should be a marked improvement in the results obtained with the 
experimental machine. 

Electric Power—Power for operating the stripper would b 
No data are 
available in regard to these items, but since the total power re 
quired for a completely electrified open hearth plant and strip 
per is 8.4 kilowatt hours per ton of ingots, it is fair to assume | 


eliminated, as would also some for the ladle crane. 


kilowatt hour for the stripper and relief of ladle crane. 


Is 
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‘he Cammen machine requires 1000 horsepower to operate and 
in use about 6 minutes per cast, including acceleration. 


1000 x 6 x .746 


— 74.6 kilowatt hours per cast 
60 

74.6 

2.2 kilowatt hours per ton 

04,8 
There will also be a little power required for drawing the 
ars, soa total of 3 kilowatt hours per ton of cast bars would be 
ample, which at the rate of 1 cent per kilowatt hour would be $0.02 
more than the cost of electric power for ingots. 

Willing the Bars—In the early experiments some of the bars 
contained blowholes or gas pockets halfway through, but this con 
dition was remedied until none were found in a 2-inch bar more 
than one-quarter of an inch from the inside face. It is econfi- 
dently expected that further experiments on the speed of rota- 
tion and rate of pouring will entirely eliminate this defect, but 
heeause this point has not yet been reached, the assumption is 
made that the inner 14 inch of surface is defective steel. 

The milling machine considered will finish four bars in one 
cut at a rate of one foot per minute, or a total time of 131, 
minutes. With proper loading and unloading devices, five min- 
utes should be sufficient interval between milling operations, but 
assume a total of 20 minutes per four bars, or 12 bars per hour. 

A wage of 80 cents per hour for the operator, with a like 
amount for power, tools, repairs, ete., should cover operating 
costs. The milling cost per ton of finished blooms would be: 
$1.60 x 2240 


a $ 0734 
12 x 4067 


Milling removes 108 pounds from the bar, and 90 per cent 
of this, or 51 pounds per ton of finished blooms, can be assumed 
as scrap recovered. The cropped wedge end weighs 157 pounds 
or 86 pounds per ton of blooms, all of which can be recovered. 

It is impossible to produce an exact weight of steel per heat 
(rom an open-hearth furnace and as a consequence there is an 
average of about one ton per heat more than the amount required. 
With the Cammen Process, if the heat is ‘‘short’’ the bars in the 
‘ast machine would be of less than the required section and therefore 
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Cost or RAILS 


Ingots Cammen 
I as lk ele ate a $22.29 $22.29 
SO re 06 .O8 
Molds and Stools .......... _, eee 
i MOE wctewedexes wemuna ts 
Re 3.68 3.68 


Department labor 


Total 












become scrap. For this reason, the heats would probably be mad 
‘‘long’’, a fair estimate of the amount being 10 per cent of 


last cast, or 3.5 tons per heat. 


Ingots Cammen 
NON fel ee a ee eG $28.00 iva 
fi la a eee eres a $28.91 
Less 22.4 lbs. scrap @ $16.00 ....... 16 
Less 78.4 lbs. scrap @ 16.00 ....... 6 





















Mra MINOR 6 sk ose oacov eee ues 


2765 pounds Ingots 


2383 pounds Bars @ 28.35....... ..... $30.16 
Ee aa eee 2.31 ala 

CT tebe cee iene ke Re te ee kee end 7 
NEE 450 o4b0.06's40 bak Oo seo wees iene 5S 


Less 464 pounds serap @ $16.00 ..... 3.31] is oy 
Less 86 pounds scrap @ 16.00.....  ..... 61 


Ol pounds scrap (@ $12.00 





1067 pounds blooms @ $33.36 ...... $60.57 Ss 
4067 pounds blooms @ 29.90 ...... 00 ..... $54.29 
Less 167 lbs. scrap @ 16.00 ...... 1.19 1.19 





COO OE MOND BOM oe con ck even ceded $34.10 
Rolling & finishing ................ 4.86 $.86 


bib an yeas $38.96 $35.36 


35.36 


Cost of rails per ton 


Saving by Cammen Process Per Gross 


A VPP EA ed MOS wkwehe ola eles $ 3.60 










The above comparison of costs, neglects, seconds and rejects 
which should be less for the Cammen Process because of the lack 
of segregation, omission of blooming and absence of pipes. | 
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the yield of salable rails only were considered, the difference would 
be even more marked. 

There is nothing new in the equipment used by the Cammen 
process as everything has been used for the same or similar work 
therefore changes in application should be neither difficult nor 
expensive. Practically the only questionable a is In reeard 
to the cost per ton for casting barrels, and even if this cost should 
e found to be considerably in excess of the estimate, the large dif 


ference in the final cost seems sufficient to provide for any ex 
eess cost of casting barrels. 


Appendix II. 
Unites States Patents on Centrifugal Casting. 


A list of the U.S. patents on centrifugal casting up to 1922 
has been given in Appendix No. 2 to the present author’s paper 
Centrifugal Casting, published in Transactions of American So 
ciety of Mechanical Engineers, vol. 44, pp. 261-293. The present 
list comprises the patents issued since then, as well as a few 
additions to the list previously published. 


1,375,826 1,477,508 


1,398,008 1,477,872 
1,399,252 1,479,629 
1,400,857 1,480,000 
1,415,421 1,480,107 
1,417,938 1,480,179 
1,418,826 1,483,372 
1,425,927 1,485,592 
1,427,508 1,485,859 


1,546,011 
l, 
l, 
1 
15 
15 
i, 
i 
1, 
1,428,048 1,485,860 520,749 l, 
l, 
l 
l 
| 
lo 
l, 
l, 
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549,124 
550,126 
3,029 

01,0 M0 

36 

554. 176 
556,291 
59,779 

560953 
562,029 
563, 15] 
565,007 
567,488 
973,089 
580,437 
581,169 
581 5635 
SR] ,7 90 
582.60] 
583,486 
583, 576 
584,840 
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1,429, 807 1,486,544 D2, se 
1,433,763 1,486,951 
1,436,305 1,486,952 
1,444,953 1,486,953 
1,445,385 1,489,032 
1,450,552 1,489,036 
1,490,589 
1,492,091 


s* 
s* 
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1,498,138 l, 
1,498 562 : | 
1,500,428 as 5,3. | 
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Dr. H. W. Gttterr: A good many people connected with the al 







business have a more or less expressed or unexpressed feeling that th: 
steel maker is not particularly interested in improvements or in proores 


That, of course, is certainly not true in cases where any cheapening 


process can be brought about. It is encouraging to note signs that 












to think that in time some tonnage plants may be equally eager for an 
in quality. 

The particular type of work recorded in this paper requires a rather wy 
usual combination of experience, and it seems that such a process must 
sarily be handled by those who have a very complete understanding 
phenomena involved in the manufacture and distribution of steel. A 
metallurgical background is required, and the other part of the picture is | 
overcoming of the mechanical difficulties, and it is quite natural that 
who is both an outstanding mechanical engineer and a metallurgist sh; 
the father of this particular development. 

G. A. DORNIN: It seems to me that, basically, centrifugal casting 
process that substitutes centrifugal force for the force of gravity, centrit 


















force being, if you wish it, a much greater force, and any benefit you obtai 
in the casting of steel using this greater force you will derive from the cent; 
fugal method. Any defect that is intensified by this 
obtained in a correspondingly greater degree. 


greater force wi 


Mr. Cammen said that segregation was entirely dependent on the rate ot 
freezing. I think that segregation is dependent on the rate of freezing an 
the force of gravity; the rate of freezing governing the rate at which tl. 
dendritic branches grow and which tend to entrap the segregates before thie) 
ean move. The faster this is made to take place, the less the segregation 
Gravity, on the other hand, tends to let the lighter segregates rise and th: 
heavier particles either stay where they are or possibly fall. On that basis 
other things being equal, | feel that segregation will increase in centrifug:! 


casting in direct ratio between the force of gravity and the centrifugal for 


that is used. 

It seems to me that the best comparison you can make between thi 
centrifugal bar casting method that is suggested here, and ingot teeming, 
would be the casting of horizontal ingots. I think there is no question that 






if steel is poured slowly enough, one can almost eliminate segregation. Th 
only practical difficulty has been to pour it slowly enough. If one could 
pour a 50-ton ingot at the rate at which that ingot freezes, there would lx 
no segregation and no shrinkage cavity, because that would be automatically 
compensated for as the shrinkage took place. But practically we do not find 
that we can do that. 








| think there is another side to the possible casting of steel bars ani 
billets, and that is the fundamental difference between castings and forgings 


An ingot is a casting, and as far as the research has gone under the ver) 







best possible conditions, there are interstices, or seem to be interstices be 
tween the crystals. These are probably closed in rolling. We have neve! 
yet been able to roll ingots directly into a product. 





The nearest approach 
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DISCUSSION—CENTRIFUGAL CASTING 
is in the piercing of round ingots for large seamless tubes, a compara 
ly new art—at least in this country—and we do not yet know how sue- 

esstul it is going to be. 

\ly own opinion is that in heating, unless the heating is carefully done, 
ve obtain a saturation of ferrous oxides along the crystal boundaries, or pos 
sibly into these interstices that I have just mentioned, and once having that 
iron oxide in those spaces, welding cannot take place. 

The present day practice is to heat the ingot as carefully as possible, 
and roll it to some intermediate form and then shape it to its final com 
mercial form. This method gives an opportunity to chip out surface flaws 
that develop in that part of the process. As far as I know, having once 
rolled or worked a piece of steel, these surface flaws do not again oceur 
except in extreme conditions—I am speaking of a piece of steel that has been 
nade from a reasonably sound ingot—so that I think those two things are 
going to be controlling factors in the possibility of casting billets, casting 
the size of billets that is wanted directly, and rolling that fo the desired 
shape. 

Dr. H. W. GILtLerr: It seems to me that we have a few other factors 
to take into consideration in the difference between the ingot and the bar. 
In the case of the centrifugal bar you are casting essentially a very much 
smaller ingot and getting very much more rapid freezing. Now, when one 
desires to sample a piece of steel and avoid segregation so that his sample 
for analysis will represent the average or the integrated content of the whole, 
he generally pours it into a very thin mold so it will freeze as rapidly as 
possible, thereby preventing segregation on any large scale, so that segre- 
vation, if present, is negligible within the amount that is taken for the 
sample. And as regards the shrinkage, of course, it is perfectly obvious 
that you cannot overcome shrinkage, but is it not a purely mathematical ques 
tion in the ease of casting a rather thin, flat ingot of this sort, that the 
shrinkage takes place in a very shallow, truncated cone, whereas in the ingot 
the trend is to have it in a deeper cone, and the amount that must be 
eliminated to get down to the bottom of that is a question of speed of 
solidification and the size of the ingot. I should think that if we are to make 
a very direct comparison between this method and the existing methods, one 
would have to compare the casting of rather small ingots instead of very large 
ingots. 

W. J. MERTEN: I would like to ask the speaker a question, whether the 
synchronizing of the stream of metal with the speed of rotation of the 
machine is very close or whether there is a very large margin of safety so 
that the two do not need to be very nearly of the same speed? Also 
whether it has any effect on the quality of the material obtained. 

LEON CAMMEN: The measure of speed is one which can vary widely. It 
is necessary to have a certain minimum speed, and there is a factor of safety 
of pussibly 40 per cent. So that if this speed is raised above that, no harm 
is done; if the speed is lowered below the required limit certain troubles such 
as piping and so on. 

The matter of delivery of metal is the most vital one, and I will speak 
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of this more fully in answer to Mr. Dornin. It must be controlled dd 
for any size of machine, 

EMIL GATHMANN: I would like to ask the speaker a question as 
sizes which he has actually experimented with, whether they are just 
flat plates or actual billets. There is quite a difference in making a flat 
—l will grant that a flat plate an inch or two thick and five or six 
wide and any conceivable length could be made quite sound by the process «, 
illustrated in this paper, but in the making of a billet, say, 10 by 8 and 
particular length, | am practically satisfied that the central zone 
would be depressed just as it would in any ordinary ingot, and that w | 
have at least one-third of imperfect metal due to shrinkage cavities. Wit 
author does not state in his paper whether they were just thin shells that 


ot that 


were being made or whether they were actual ingots. In other words, on 
can pour steel on any iron plate and get a very nice piece of sound stee!| 


very medium thickness, but to begin to build up a billet of, say, 10 by s, 


T 
ol 


una 
l2 feet long, as the speaker has stated and has described in his paper, is quit, 


a different problem. One would undoubtedly get a depressed area. | have yot 


gone into it very carefully at this time, but I would say off hand that at least 
we 


25 to 30 per cent of the central zone of such a billet would be depresse 
piped or spongy. Irrespective of how rapidly it solidifies, it would be the last 
portion to solidify, and that part would show a depressed area, | 
that Mr. Cammen stated the inner surface is to be milled for a quarter of « 
inch, but | figure that is far too little on any bloom thus cast. In an & by 


10 bloom, for instance, | feel that the free inner surface would have to lx 


hotice 


milled at least 3 inches, That is my own impression from seeing thousands and 
thousands of ingots. I! am speaking of degasified, practically finished steel, 
not of gassy steel, because gassy steel cannot be made sound and homogeneous 
in our opinion, by any method, centrifugal casting or otherwise. 

LEON CAMMEN: I want to answer first in connection with Mr. Dornin’s 
question, but before | do that | would like to ask the speaker a question. Hi 
said any conceivable length, speaking of ingots about an inch or an 
and a half thick. Just what do you consider should be the depth? 


ich 


EMIL GATHMANN: The rapid solidification occurs in any mold in the 
skin solidification, half an inch or an inch, which is practically the metal as 
it was received from the ladle. After that the freezing is selective and 
segregation occurs, and if you would stop right off at that point ther 
would be some little depressed area. l have seen ingots only 10 inches high 
with a depressed area of 50 per cent. 

LEON CAMMEN: Well, I will answer that in connection with Mr. Dornin’s 
question, if you do not mind. 

G. V. LUERSSEN: I would like to ask the author two questions. Tl 
first has to do with the degree of superheat required. That point I should 
think would be important, and it would be interesting to know just how 
many degrees Cent. superheat is required in pouring. 

The second question has to do with the building up of these ingots, «nd 
| should like to ask in that connection whether any precautions have been 


taken to prevent inclusions due to the oxide film always present on a molte! 
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tream of metal. In this connection I should think that difficulties might be 
sintered in teeming steels of the high chromium type. 

LEON CAMMEN: I can answer that readily. As to the superheat, the 
stee| should be east as cold as possible. In the work which we have done we 
have poured off three-quarters of the ladle into ingot molds, and cast in a 
entrifugal machine from the last quarter in the ladle. 

You cast your ingot with the steel as cold as possible, and it is very 
easy to east cold steel in this case, because of the fact that in this machine 
it is possible to use a much bigger nozzle on the ladle than the casting. 

The machine which we are building now will take about 12 tons of. steel, 
ind we are going to use a nozzle that will permit us to pour off at the rate 
of four tons per minute, so that we can hold the steel in the ladle longer 
hefore we start casting, and we are going to cast very cold steel. 

The oxide that forms in the stream will float up on top and form layers 
on the faee of the ingot. The layer, however, is very thin and it would 
form anyway in the ingot. 

Pouring off part of the ladle was done because it was desired in the test 
period to east the metal as cold as possible, it being obviously more difficult 
to fill the rotating mold with cold metal than with hot. In actual operation 
steel can be east much colder than now because of the use of bigger nozzles 
and faster teeming from the ladle. The machine which we are now building 
will take about 12 tons of steel, and will be filled at the rate of about 4 
tons per minute. Because of this, we propose to hold the steel longer in 
the ladle before starting pouring, and are going to teem what would be con 
sidered today very cold steel. 

As regards inclusion of oxides, attention may be called to the faet that 
most of our work was done on effervescent, sheet bar type, steel which is 
notoriously heavily oxidized when in the ladle, and yet the cast billet shows 
a solid uniform appearance (except for a thin layer on the innermost surface). 
There will be a certain amount of oxidation of the metal in the mold, but as 
soon as a thin layer of oxide has been formed on the surface, it will float 
on top of the forming billet and protect the rest of the metal from further 
attack. 

We have not cast high chromium steel in bar form, but we did cast it in 
tube form, and no special tendency towards oxidation was noticed, except 
on the innermost surface where a peculiar flowery structure, greenish in tint, 
was observed, 

EK. F. Cone: Mr. Chairman, | understood Mr. Cammen to say that 
three-quarters of the metal in the ladle is poured into the ordinary ingot 
and the rest in the casting machine. Is that correct? Would that be the 
general practice in carrying out this process? 

LEON CAMMEN: That was in an experimental unit. 

EMIL GATHMANN: I would like to supplement my remarks. In the rate 
of freezing, I cannot conceive of there being any increase at all in it due 
to centrifugal casting. It is merely a matter of being able to distribute 
the metal in a number of small ingots. The rate of freezing would be the 


same as it ordinarily would be, and as shrinkage and segregation are directly 
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proportional to the rate of freezing, according to my contention, | 
see that there would be any difference in casting in an open, horizonta 
or in the centrifugal casting apparatus, so far as segregation and 
fication are concerned. You simply have distribution of the metal in a 
ber of molds so that you are getting rid of your heat, which 
[It cannot be held beyond a certain time. 


is nec 


The speaker has stated a very fundamental requirement, the contr 
of the rate of pouring. This I have found is one of the most difficult )! 
of the art. If we set out to pour two tons per minute, sometimes it is 
a ton and a half; other times three tons. It is a matter of fact that 
state of the art has not yet adjusted itself so as to be able to determin 
exact rate of pouring, a matter that requires a great deal of further attenti: 
and we have already given it a lot. We have not been successful 
lishing any definite rate of pouring in ingot making. 


in estab 


Dr. H. W. GitLerr: A rather interesting suggestion was made ‘ 
man who was in my office a few months ago. Obviously the suggestion has not 
been put in practice, because of practical difficulties, but the theory was that 
if you could freeze uniformly from the bottom up without having greate: 
radiation from the sides, then instead of having a depression you will com 
pensate for your final shrinkage, and it would be flat on top. The 
was going to do to beat the game was to have a ladle with a hole in th; 
bottom, and that would let the metal drip out, run out on to some sort of a 
stool which would be pulled down slowly through a suitable cooling medium, 
and the cooling would progress just as fast as the thermal conductivity of 
the material would allow it to progress. Meanwhile his ladle was to ly 


heated to hold it at uniform temperature, and the metal was to come out into 


way he 


a continuous bar casting, and there could not be any segregation or any 


shrinkage. 

I think that theoretically, if one could control the rate of cooling around 
the edges of an ingot he could obtain an ingot without any pipe in it at all, 
and that, as I take it, is what Mr. Cammen is attempting to approximate as 
closely as the laws of mechanics will allow him to do so. 

EMIL GATHMANN: Mr. Chairman, that is absolutely my idea but you 
would have a surface that you could not use, in my opinion, if you do that. 
You would not get a good shell of ingot by the surface conditions, which ar 
really as important as the interior in many cases. 

Dr. H. W. GILtLetr: Of course, there is another point that enters into 
the problem, and that is in regard to the size of the casting desired. The 
size of the ultimate object to be made will regulate that. If one is to mak 
sheet, there is no particular reason, provided enough work can be put on the 
ingot to make the sheet of the desired structure, for starting way back with 
a big ingot or a big bloom. Obviously one could not make a crankshaft 
for an ocean liner out of these small bars. Consideration must be given as to 
what the final product is going to be. 

Emi. GATHMANN: There is just one more question I would like to ask, 
Mr. Chairman. 


What has been the weight of sections cast, up to the present time’ 
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d like to ascertain that so as to know about how it would work for making 

ts in one mold. 

LEON CAMMEN: Answering Mr. Dornin’s question and your questions, Mr. 
Gathmann, together, because essentially they are along the same line. In 

first place, the application of centrifugal force inside the centrifugal 
machine has absolutely no influence on the rate of freezing. The centrifugal 

ce is simply a mechanical means to attain something. If we could squirt 
the metal, say, out of a fire hose we would get exactly the same results as we 
are getting by centrifugal force. The only thing is, centrifugal foree is more 
practical and economical than a fire hose. 

Now, the rate of segregation is primarily controlled by the rate of freez 
ing. Segregation means simply that there is more of certain material, sulphides 
and phosphides and so on, in one part of the ingot than there is in another 
part. The fact that there is not quite as much in one part as in another part 
is because the cooling of the metal effects a selective distribution of certain con 
stituents having a lower melting point than either ferrite or cementite. If one 
could cast a 64 by 64 inch ingot and succeed in having the whole ingot cool at 
the same rate, there would be no segregation. It is because in the ingot the out 
side cools faster than the inside that we gradually reduce the ability of the 
metal to hold certain materials in solution, and displace them gradually toward 
the parts of the ingot which are still molten. This is the process which re 
sults in segregation. Now, the action of centrifugal force will either increase 
or reduce segregation, depending entirely on whether time is available for it 
to take place. 


Thus, Mr. Langenberg is casting very heavy tubes, several inches thick, 


in a elay-lined mold. There he holds his metal in a liquid state for probably 


half an hour, and gets the most beautiful case of segregation, much more 
pronounced than you get in any of your ingots. Mr. Dornin was perfectly 
right, therefore, in saying that where the conditions were favorable for 
segregation, centrifugal force would make the matter of segregation even more 
pronounced than it would be in the stationary ingot. And I emphasized this 
matter in speaking about pipe. 

When, however, we come to the matter of bars, we have a different condi 
tion. Segregation requires time. Actually there is no such thing as 
instantaneous freezing even of a drop of metal. Dr. Langmuir in my pres 
ence caleulated the time of cooling of an ordinary drop of water, and he 
found that it amounts to a very substantial amount of time, something like 
a hundredth of a second, which shows that it is not instantaneous. Now, 
assume that all the metal freezes within not more than 30 second after it leaves 
the nozzle of the ladle. There you have a condition of such a short time avail 
able that the amount of possible segregation can be absolutely neglected. 
And, as a matter of fact, analyses of our bars have shown that it can be 
neglected except under certain conditions, if the casting was properly done. 
The same thing might unquestionably be done by other means, and as Mr. 
Gathmann remarks, if you poured the ingot slow enough you could get it into 
the ingot. Now, let us see what ‘‘slow enough’’ means. We control the matter 


ot 


t flow so as to have not more than a quarter of an inch of molten metal present 
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at any time; we will also suppose that the freezing process will tak 
in that quarter of an inch of metal within 20 seconds; take the ordinary 
say, 24 by 24 by 72 inches high, and apply this principle: If a quarte: 
inch freezes in 20 seconds, that will mean four times 20 seconds per 
something like an hour and a half per ingot. Now, if Mr. Gathman) 
pour an ingot 72 inches high so as to build it up in an hour and a h 
will get as good an ingot as we are getting centrifugally. But he ean 
it, not even with a Gathmann mold. The reason that 


we can do it is th} 
(due to mechanical construction): 


In the first place we pour the ingot 
the side and not upright. In the second place we pour not one 


ingot but 
anywhere from 10 to 20 ingots at a time. 


y 
[It is the rate of freezing tha; 
controls the whole thing, and by using centrifugal force merely as a means 
for distributing the metal we get this absence of segregation. 

Mr. Gathmann made a very interesting remark which I enjoyed immensely 
hearing. He said, ‘‘Of course I am talking about deoxidized steel 


» Hot gass\ 
steel. Gassy steel will not work under any conditions.’’ 


[t so happens, how 
ever, that most of our work in the machine that we have was done in 
sheet mill plant using effervescent steel, and it was done there for the very 
reason that other gentlemen had the same opinion that Mr. Gathmann has, 
‘*that gassy steel could not give a sound ingot without a lot of work being 
put into it,’’ and therefore it was'a good plan to try it out with centrifuga 
force. We cast our ingots 614 feet long, 4 inches wide and from one inch to on 
and one half inches thick. The reason for the selection of this size being that 
everybody said the metal would not flow 64% feet long; that it would forn 
a wedge-shaped ingot, and so on. We made all our ingots into sheets direct}; 
and the sheets passed all the physical tests which the regular sheets do. 
Now, Mr. Dornin made a remark about the difference between 
and forgings in structure, which again is correct. Centrifugally cast bars ar 
not intended for and should not be used as the final product. 





castings 


They are simply 
the initial product for rolling, except that instead of starting in the blooming 
mill we start in the production mill. Actually the structure is intermediary 
between casting and forging. It is better than an ordinary casting; it 
not as fine or as regular as the forging. 


18 


Now, as to the matter of pouring, Mr. Gathmann again remarks, perfect)) 
correctly, that the rate of pouring cannot be controlled exactly. You will 
pour faster through the same nozzle when you have 120 tons in the ladl 
than when you have the last 25 tons. I do not believe that these smal! 
differences will matter essentially in pouring at the rate of four or five tons. 
When poured at the rate of 2 tons, one half ton represents 25 per cent; when 


poured at the rate of 4 tons, the same half ton represents only 12! per 


cent, and this is not enough to matter. 

The whole thing is that we are replacing the casting of a big ingot b) 
the easting of a small billet, and we can in the casting of a smaller billet 
control the rate of freezing, not absolutely by any means, but to an extent 
sufficient to produce an ingot which gives good rolling qualities without th 
heavy work in the blooming mill. 


Mr. Gathmann made one remark where I will take the liberty of dissent 





wit! 


vet the 


Why sh 
eto} ped 


Assunlie 
inch 01 
part—* 
inch tl 
ire hh di 
why Ih 
experi 
fects, 
planes 
to the 
In cel 
svevel 
failed 
exist 
one i 
1 qui 
solidi 
exam 
you, 
than 
segre 
does 
The 
Ingo 
only 


side 


qua 
Tint 
cha 


firs 


simply 
oming 
ediary 


It 1s 


rfectls 
yu swill 
ladle 
smal] 
Pp TONS, 


when 


DISCUSSION—CENTRIFUGAL CASTING 957 


with him. He said that if we cast the big ingot, say a 10 by 8, we will 


vet the same kind of a depression inside as we get in an ordinary ingot. 
Why should we? We have made several experiments to this effect: That we 
stopped the pouring at a certain point, and we got the thinner ingot with 


exactly the same structure as the big ingot. Mr. Gathmann admits—tests 
have shown it anyway—that in a billet 1.5 inch thick there is no depression, 
\ssume that we continue to pour for 10 more seconds, and add another halt 
inch of thickness. This last half inch has, however, come over—at least in 
part—steel previously solidified, and if the three layers of steel, each half an 


inch thiek, poured first, did not show a depression, why should the last half 


ch do so? And if we can east a billet 2 inches thick without 


2 a depression, 
why not one 10 inches thick? Mr, 


Gathmann’s entire reasoning is based on 
experience with stationary ingot molds suffering from some irremediable de 
fects, among others, the fact that segregation and such ingot weaknesses as 
planes of weakness, piping, ete., increase with the size of the ingot, which is due 
to the fact that the time of solidification of the ingot increases with its size. 
In centrifugal easting of billets the size of the billet has no influence what 
soever on its rate of solidification, a fact which Mr, Gathmann apparently 
fuiled to understand. Any segregation, any depression, any cavities can only 
exist in this last quarter of an inch, It does not matter whether our ingot is 
one inch or 100 inches thick; so long as at any place we have no more than 
«a quarter of an inch of molten metal, any phenomenon depending on the 
solidification of the metal can affect only this quarter of an inch. If we 
examine the inner structure of the ingot it will be different, | will agree with 


you. We will get a much coarser crystallization in this part of the thick ingot 


than we get in the thin ingot. There you would be right. But 


so far as 
segregation, contraction cavities and other ingot phenomena are affected, it 
does not matter how thick this layer is, because this layer is already hard. 
Therefore | do not believe for a moment that it will matter how thick the 
ingot is, as far as segregation and contraction characteristics are 
only this last quarter of an inch can be alfected. 


concerned, 
That is why, when we con 
sider the possibility of milling, we only consider this last layer of metal. 

EMI GATHMANN: Mr. Chairman, I have one more remark to make. The 
quarter inch of fluid metal which the author of this paper states should be con 
tinually on top of the solidifying mass would mean that there would be a 
change of rate of pouring continuously during the filling of those molds, The 
first quarter inch would freeze practically instantly, the second quarter inch 
or half ineh thickness would take possibly instead of one second—two 
seconds, the third quarter inch would take four seconds to solidify, 


When one inch is reached it might take 10 seconds. It would run in 


and 
a curve 
that rises upwardly very quickly, so that the last quarter inch would be fluid 
probably 10 or 20 times as long as the first quarter inch that was placed in the 
mold, The rate of pouring would change continuously during the pouring of 
the mold if there was any considerable thickness. I am satisfied that is correct. 

LEON CAMMEN: ‘That is partly correct and partly not. It is correct to 
this extent, that until a layer of some thickness, which we tound to be about 


half an inch, has been formed, there would be this variation: he first metal 
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freezes, of course, instantly; the next freezes somewhat slowly, and so 
soon as a layer about half an inch thick forms, the cooling effect of t} 

is stabilized, because all flow of heat takes place through this layer. Mat 
tically there may be some difference between the various layers, simply } 
the absorption of the heat varies with the temperature of the mold an 

There is certainly no sufficiently appreciable difference shown by thi 
done so far. 
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Dr, C. H. Herty: I would like to ask the speaker just one questi 
that same idea of thickness. How do you control the rate of pouring s 


you always have your quarter inch of metal when you have a much 
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circumference in the first quarter inch than you have toward the end ot 
ingot? That is, for the given quarter inch you have much less metal to 
at the end solidifying at the same rate. You must slow up 
somehow, 


the 





boul 








your pouring 











LEON CAMMEN: This is again a question where | admit I stand corrected, 








If we have a machine, say, 70 inches inside diameter and pour an ingot 6 inches 
thick, obviously the quarter of an inch thickness at the beginning will be x 
few pounds heavier than in the end. However, the difference is so sma!! 








actually that I do not believe it deserves any attention. You must remembe: 
that you have 10, 12—up to 20 bars in the same machine. The amount dis 
tributed, this quarter of an inch in a bar, let us say, 12 inches wide, rep 














resents only 3 cubie inches or one-thousandth per inch. It represents only 1: 
pounds per foot, or say, 150 pounds per bar; therefore if there is a variation 
of an ounce per foot from beginning to end, it would certainly not affect the 
rate of freezing. I am not talking now about theoretical conditions; [ am 
talking about purely practical conditions, and particularly I am talking about 
the comparison between the process of ordinary ingot casting where you pour 























the metal and trust to luck, which is against you, and the process where you 
have a large amount of control of freezing, though not perfect control of freez 
ing. We have not reached that stage yet and probably never will. 

I’, R, PALMER: In this new machine that you are contemplating, how thick 
will your ingots be? 




















LEON CAMMEN: We are going to build a machine which will cast ingots 
12 inches by 4; the billets are primarily intended for skelp rolling and will 
be 13 feet 9 inches long. 














THE DECOMPOSITION OF THE AUSTENITIC 
STRUCTURE IN STEELS—Part V* 


X-Ray Studies on The Decomposition of Austenite 


By Oscar E. HARDER AND Raupeu LL. Downes. 


Abstract 


This part of the paper reports the application of the 
powder method of X-ray analysis to the study of changes 
in the structure of steels during heat treatment. The 
steels used in the investigation are the same as those 
described in Part I of this paper. A few tests have been 
made on powders filed from quenched specimens, but 
the method was discarded as unsatisfactory. The pre 
paration of the powder in the annealed steels, followed 
by the desired heat treatments and X-ray analysis, gave 
satisfactory results. The steels have been examined in 
three conditions: 1, as quenched; 2, after submersion 


~ 


nt dis in liquid oxygen; 3, after various tempering treatments. 


The results are in general agreement with the results o 
the microscopic examination previously reported. The 
results show, however, that on submersion in liquid 
orygen there is not the increase in the intensity of the 
alpha lines expected from the amount of martensite 
formed. in larger specimens in the same treatment. The 
results indicate that certain transformations which pro- 
duce the martensitic structure give alpha particles which 
are too small to be recorded in a crystallogram. Con- 
sideration is also given to the position of the carbon in 
the space lattice of the steels investigated. From a 
compilation of the evidence from the unit parameters 
and a comparison of these values with the values de 
termined experimentally, the evidence indicates that 
the carbon is held within the space lattice and does not 
replace the iron atoms. The evidence is more conclusive 
in the case of austenitic than in the case of the marten- 
sitic steel. 
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‘This and five other articles on The Decomposition of the Austesitic Structure in Steel 
based on a manuscript submitted by Ralph Lewis Dowdell in partial fulfillment of the 
quirements of the Graduate School of the University of Minnesota for the degree of Doctor 
f Philosophy. O. E. Harder, in charge of research. These articles have appeared serially in 
lRANSACTIONS since January, 1927. Seven installments constitute this series, 
A paper presented before the eighth annual convention of the Society, 
Chicago, September 20 to 24, 1926. Of the authors, Dr. R. L. Dowdell is 
assistant professor of metallography and Dr. O. E. Harder is professor of 
metallography, University of Minnesota, Minneapolis. 
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N X-Ray diffraction apparatus, type VWC, form B, devised 
by Hull? and made by the General Electric Co. of Schenec. 
tady, N. Y., was used in the X-ray examinations. Long exp: 


ys Ires 













(50 hours) were required in the work because of the strong filter- 
ing action of the zirconium, but this filter was found necessary }) 
Hull in order to simplify the patterns. 


PREPARATION OF SAMPLES 


The samples for X-ray analysis were prepared from specimens 
in the various conditions, as quenched and as annealed. All of the 





samples for the X-ray tests were prepared by filing. All of the 
filings made throughout this investigation were screened through 
200 mesh silk bolting cloth. The filings that did not pass throueh 
the cloth were ground in an agate mortar until they did pass. A 
cotton partition was wedged into the center of the glass sample 
tube. The filings were then mixed with an equal volume of starch 
and packed into one half of the tube. The other half of the tube 


was packed with a mixture sodium chloride diluted with an equa! 
volume of starch. 
















A sample of Yensen’s electrolytic iron was filed from the bar 
as received and included to show the space lattice of high purity 
iron alpha. (Fig. 129, Film No. 30). 

Filing Quenched Specimens. Steels No. 2 and 3 were filed 
in the quenched condition by filing slowly. It was thought that 
even careful filing would produce a considerable amount of alpha 
iron from an austenitic specimen, but the absence of the alpha pat 
tern in steel No. 2 shows that such is not the case with an austenite 
of high stability. As the amount of sample required was not more 
than 0.1 gram there was not much difficulty. 

Filing Annealed Specimens Followed by Heat Treatment. 
Samples of all the steels except No. 2 were filed from annealed 
specimens, passed through 200 mesh cloth and then put into smal! 
silica tubes of about 1/32 inch bore by about 214 inches in length), 
which had one end sealed. These tubes were then evacuated and 
sealed under vacuum. They were then heated to the temperatures 
shown in Table XI and after fifteen minutes were quenched in cold 
water at about 50 degrees Fahr. (10 degrees Cent.) Quenching 
time probably did not exceed 5 seconds. On removal from the water 


Physical Review 1917, Vol. 10, No, 6, pp. 661-696. 
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the tubes were wiped dry and the ends broken off. Three sam; 
for X-ray analysis were made from each of these steels. One se: 
of samples was X-rayed as quenched. The second set was kept 
submerged in liquid oxygen for about 70 hours. The third soe 
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Graph 3——Corrections for 
in <‘olumn 3 of Table XII. 


X-ray 


Lines as Tabulated 








was sealed in pyrex glass and tempered for 8 weeks at 212 degrees 
Kahr. (100 degrees Cent.) after which most of them were X-rayed. 
They were then resealed in pyrex and tempered for five days at 
374 degrees Fahr. (190 degrees Cent.) after which some were again 
X-rayed. 








Metruop OF CALCULATION AND INTERPRETATION OF FILMS 























The method of calculating the lattice parameters may be best 
shown by taking film No. 30 as an example. The film was slipped 
into a special frame supplied with the apparatus. The zero on 
the scale was made to coincide with the zero line produced on the 
film, or better by slipping the film in the frame until the second 
sodium chloride band read 1.990 A (Angstrom Unit) on the scale 
The sodium chloride lines were then read and tabulated in the 
first column on the data sheet for film No. 30, Table XII. The re 
sults obtained on each of the steels tested were arranged in this 
manner but are not reproduced here. The theoretical values oi 
the sodium chloride lines as worked out by Hull were tabulated in 
the second column. The corrections for the lines were then tal 
ulated in the third column and the curve plotted in Graph 3. The 
steel sample lines were then read and tabulated in the fourth column. 
The values in this column were then corrected and tabulated in the 


fifth column under the heading ‘‘corrected readings.’’ The loga! 


ithms of these readings were tabulated in the column labeled ‘‘ Loy 
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corrected read.’’ The values in the column labeled ‘‘ Log 1/Ra 
are taken from Table XII.* On this table 1/Ratio is the square 
root of the sums of the squares of the indices of form (Miller jy 


dices). These Miller indices are the reciprocals of the intercepts 







in the cartesian system of coérdinates which represent the planes 
‘or instance the first line on the film is the first order represent: 
tion of the 1 1 0 planes and the intercepts on the x, y, and z axes 
are x = 1, y = 1 and z = infinity. These planes are then paralle! 
to the z axis and cut the x and y axes at unity. For the simp| 
cubie lattice of unity the distance between planes parallel to thi 
1 1 0 is 1/Ratio which is the square root of the sum of the squares 









(1)* + (1)? + (0)? which is equal to the square root of 2. The 
log,, 1/Ratio is then 0.15051. 







The values in the column labeled ‘‘ Log of the reading plus the 
Log of 1/Ratio’’ are simply found by adding these two logarithms. 
The number corresponding to this log represents the unit parameter 
or the cube edge of the ferrite (alpha iron). This value is arrived 
at as follows: The angle of the incident ray is taken into account 
in the design of the apparatus by using Brage’s law so that the 
interplanar distance (d) is measured directly for this 1 1 0 line 
and is read from the film as 2.020 A. The Braggs* and others have 
shown that the edge of the unit eube as caleulated from the 1 1 0 
plane is as given in the formula. 






















div 4 a edge of the cube 
v2- V2 = distance between successive planes (110) 
a = 2.020 x V2 
log a log 2.020 + log v2 
log a 0.30535 + 0.15051 = .45586 









The log values for all the planes shown on the film were worked out 
in this manner and tabulated. These values in increasing order are 
then plotted on probability paper as the ordinates while the ab- 
scissae units for each point are found by dividing 100 by th 
(number of lines + 1) and plotting as shown on Graph 3. It is 
considered more accurate to reject the values below 30 and above 
70 and draw a straight line to represent the remainder of the points. 
Where this line crosses the 50-50 line, the logarithm is read on the 
ordinate which represents the side of the elementary cube for the 












“General Electric Review, Vol. 29, page 122, 1926, by Dr. Davey. 
8X-Rays and Crystal Structure, 4th Edition, 1924. Harcourt, Brace & Co., New Y 
publishers, 
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average of all of the cooperating planes in the cubie lattice. The 
lattice parameters as measured by this method are considered by 
Davey to be correct to = 0.003 A, 








EXPERIMENTAL DATA PROM X-Ray ANALYSES 








































In the following pages the experimental results obtained by 
X-ray analyses of the various steels after different treatments will 
he given. Prints from only a few of the films are included. <A 
summary of results will be found in Table XI. 

a, Steel No. 1. Steel No. 1 after treatment 2 (filings after 
quenching in water) showed both the alpha and the gamma lines 
hut the gamma lines were stronger and in greater number. This 
steel after treatment 3 (eooled 70 hours in liquid oxygen) showed 
1 decrease in the number of gamma lines but no increase in the 
number of alpha lines. This may be due to the breakdown of 
austenite into alpha particles which remained too small to give 
the alpha pattern. After treatment 4 it showed an equal number 
of alpha and gamma lines but the alpha lines were stronger. This 
increase in the alpha pattern may be due to the increase in the 
amount of the alpha phase and the size of the alpha particles at 
212 degrees Fahr. (100 degrees Cent.). The film, after treatment 
>, quenching from 1832 degrees Fahr. (1000 degrees Cent.) and 
tempering up to 374 degrees Fahr. (190 degrees Cent.), showed a 
strong alpha pattern and the complete absence of the gamma pat- 
tern. The complete breakdown of the austenite at 374 degrees 
Kahr. (190 degrees Cent.) may be attributed to the fineness of 
the particles (200 mesh) because it had been previously observed 
that the austenitic structure in 34 inch round pieces was not com- 
pletely decomposed up to 932 to 1112 degrees Fahr. (500 to 600 
degrees Cent.). 

bh. Steel No. 2. On examination of the values given in Table 
XI it will be noticed that steel No. 2 gave a complete gamma pattern 
on a sample filed from an austenitic specimen. The filings were, 
however, magnetic but there does not seem to have been enough 
alpha present to give any alpha lines. Fig. 129, Film 53, shows a 
complete pattern of gamma iron only from this steel which had 
been quenched in the form of 200-mesh filings. This film has been 
included in Fig. 129 as an aid in identifying the gamma patterns 
of the various films of steel No. 3 and also to aid in following the 


Fig. 129 


is a Reproduction of the Crystallograms Obtained from the Steels which we 
given Various Treatments, 


also of Sodium Chloride and of Yensen’s Electrolytic Iron, 
Crystallogram 1 is film 53 of steel 2 treatment 2, it is shown to be all y. 
Crystallogram 2 is film 45 of steel 3 treatment 2, it shows that the y > a. 
Crystallogram 3 is film 56 of steel 3 treatment 3, it shows that Y > a. 
Crystallogram 4 is film 61 of steel 3 treatment 4, it shows that y = aory < a. 
Crystallogram 5 is film 85 of steel 3 treatment 5, this shows a only. 

Crystallogram 6 is film 74 of stcel 3 treatment 1, it is as quenched and shows a x 

Crystallogram 7 is film 31 of steel 3 treatment 1 after submersion in liquid oxygen, thi 
a only, 


Crystallogram 8 is film 380 of 


sodium chloride. 
Crystallogram 9 is film 


30 of Yensen’s electrolytic iron, treatment 1. 
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decomposition after the various treatments. After treatment 3, 
steel No. 2 showed one weak (110) alpha line. Tempering experi- 
ments were not made on the quenched filings of this steel. 

c. Steel No. 3. Fig. 129 also showed the effect of the various 
treatments 1 to 5 on steel No. 3. The pattern of pure ferrite is 
included for reference. Film No. 74 and the data in Table XI 
show that the alpha and gamma patterns are of about equal in- 
tensities for filings from a quenched sample of steel No. 3. Film 
No. 31 shows only alpha in the sample filed from a quenched 
specimen which had been submerged in liquid oxygen for about 
100 hours. Under the microscope the piece appeared to have about 
50 per cent austenite. Film No. 45 after treatment No. 2, shows 
mostly a gamma pattern. Film No. 56 after treatment No. 3 (cool- 
ing in liquid oxygen) shows gamma in greater intensity than alpha 
and shows no detectable change from Film No. 45. Film No. 61 of 
treatment No. 4 shows that the alpha pattern is coming into slight 
excess due to the tempering action or at least its intensity is about 
equal to the gamma pattern. It should be noted that films No. 45, 
56, and 61 of Fig. No. 129 have their first line composed of both 
the alpha and the gamma patterns uniting to form a rather wide 
line. Film No. 56 shows this line very much shaded on the left side 
indicating a greater intensity of gamma, while this first line in film 
No. 61 shows just the reverse or shading on the right side, which 
shows that the 110 plane of ferrite seems to predominate. Film 
No. 85, after treatment No. 5, shows that only the alpha pattern 
exists after tempering at 374 degrees Fahr. (190 degrees Cent.). 

d. Steel No. 4. Steel No. 4, treatment 2, showed mostly the 
carbide lines. The identity of these lines was brought out by com- 
parison with data obtained on graphite and cementite. There was 
an indication of weak lines of both alpha and gamma; however, 
these lines were not in the orders usually obtained, the gamma 
lines being of the second and third orders. There is a possibility 
of the carbide lines interfering with the others. Cooling samples 
of this steel in liquid oxygen for 70 hours brought out more gamma 
and alpha lines. On tempering this steel at 374 degrees Fahr. (190 
degrees Cent.), the intensity of the alpha lines is considerably 
increased while all of the gamma lines except one disappeared and 
that one was quite weak. 


e. Steel No. 5. This steel showed only gamma lines after all 
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of the treatments. This high nickel steel (22 per cent) appea 
form such a stable austenite that even in the finely divided part 
it is not decomposed by cooling in liquid oxygen or by heatin 
374 degrees Fahr. (190 degrees Cent.) for a period of 5 days 
This steel was also found to be very stable when large pieces wer 
tempered. 


LCS 


tT 


f. Steel No. 7. This steel after treatment 2, showed almosi 
entirely the gamma pattern. Some alpha lines were noted but the 
were weak. 


After treatment. 3, cooling in liquid oxygen, the crys 
tallogram showed that gamma still predominated and remained 
unchanged. However, when the sample was tempered 5 days at 
374 degrees Fahr. (190 degrees Cent.) the gamma pattern com 
pletely disappeared. This indicates a somewhat lower temperature 
for the decomposition of austenite in the small particles than would 
be found in the large sized sample. 

g. Steel No. 8. Steel No. 8, after treatment 2, showed gamma. 
alpha and carbide lines. There were more gamma lines and they 
were stronger than any of the others. Cooling a sample 70 hours 
in liquid oxygen, treatment 3, neither increased the intensity no 
the number of the alpha lines. Tempering the samples 8 weeks at 
212 degrees Fahr. (100 degrees Cent.), treatment 4, increased both 
the intensity and the number of alpha lines so that the alpha is 
stronger than the gamma pattern. Tempering tests on large sized 
specimens were not made. 

h. Steel No. 10. The X-ray analysis of the quenched filings 
showed principally the gamma pattern. Alpha and earbide lines 
were present but the alpha lines were weak. The high carbon 
content of this steel and the comparatively low quenching tempera 
ture resulted in a considerable amount of undissolved carbide. 
Cooling this sample 70 hours in liquid oxygen showed no increase 
in the number or the intensity of alpha lines and the pattern re 
mained essentially gamma. Tempering the sample 8 weeks at 212 de- 


vrees Fahr. (100 degrees Cent.), treatment 4, increased both the 


number and the intensity of the alpha lines so that the pattern is 
predominately an alpha pattern. Tempering at 374 degrees Fahr. 
(190 degrees Cent.) for 5 days, treatment 5, completely decomposed 
the austenite so that the gamma lines were entirely absent. It hac 
previously been observed that large pieces of this steel showed 3 


beginning of the decomposition in one day at 374 degrees Faln 
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190 degrees Cent.) and a complete decomposition of the austenite 
‘ter 4 days at 374 degrees Fahr. (190 degrees Cent.). 


4. Resuuts or X-Ray ANALYSES 


The more important results of this investigation may be 
srouped under the following headings: 

a. The austenitic structure is partly destroyed by filing the 
sumple for X-ray analysis. A sample of steel No. 3 which, from 
microscopie examination was found to be wholly austenitic, showed 
the alpha and gamma patterns in equal intensity when the sample 
was prepared by. filing. A specimen of steel No. 3 which from 
Microscopie examination contained about equal amounts of austenite 
and martensite showed almost entirely the alpha pattern when the 
X-ray sample was prepared by filing. 

b. The preparation of the steel samples to pass a 200-mesh 
holting cloth followed by heat treating in vacuo has been found to 
he a satisfactory method of preparing steel samples for X-ray 
analysis. By sealing the samples in silica tubes it has been found 
possible to heat to the desired temperature and to quench with 
considerable rapidity in water. 

«. The presence of undissolved carbides has been found to 
he objectionable in samples for X-ray analysis. The carbides give 
2 large number of lines which may interfere with the alpha and 
vamma lines. It would appear that if possible the samples should 
he heated sufficiently high and for a long enough time to put all 
of the carbide into solution. 

d. Cooling 70 hours in liquid oxygen has not increased the 
intensity of the alpha patterns of the steels tested. Even in the 
cases of the steels which showed definite martensitic formation on 


microscopie examination of the large sized pieces, when cooled in 


liquid oxygen there was no increase in the intensity of the alpha 


pattern. The microscopic evidence indicates a definite recrystal 
lization from gamma to alpha and the following explanation is 
offered for the absence of any increase in the intensity of the alpha 
pattern. At the low temperature of liquid oxygen the crystal nuclei 
of alpha which are formed do not grow to sufficient size to give 
in X-ray diffraction pattern. This suggests the extremely small 
size of the alpha particle in the martensite formed at iow tem- 
peratures, 
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e. X-ray analyses of the samples which had been ten 
8S weeks at 212 degrees Fahr. (100 degrees Cent.) showed ; pro- 
nounced increase in the number of alpha lines in all samples jy 
which the alpha pattern had been present. This increase j)) {}) 
intensity of the alpha pattern during the tempering treatimey; 
at 100 degrees Cent. may be attributed to two important factors. 
i. e. continued recrystallization and growth of the ferrite particles. 

f. In all of the steels tested in the form of quenched filings. 
except Nos. 2 and 5, the gamma pattern completely disappeared 
after tempering at 374 degrees Fahr. (190 degrees Cent.). This 
is considered to mean the complete breakdown of the austenite 
and the growth of the ferrite particles into such size that they in 
crease the intensity of the ferrite pattern. Steel No. 5 was an ex- 
tremely stable austenite and showed only the gamma lines after the 
374 degrees Fahr. (190 degrees Cent.) tempering treatment. 

g. The relatively greater intensity of the gamma pattern 
as compared with that of the alpha pattern in the quenched {i 
ings of the steels which showed larger amounts of martensite in 
microscopic specimens, may be attributed to the finely divided 
condition of the ferrite particles. This suggests the fineness of the 
ferrite particles in martensite produced during quenching. 

h. The apparent contradiction between the results of X-ray 
analyses and the previous conclusions from microscopic examination 


i “TY ‘ 
pepe 
‘ 


regarding the effect of stress may be explained by the presence of 
alpha particles in the martensite in such a finely divided condition 
that they do not produce the alpha pattern on X-ray analysis. It 
is also possible that the effect of stress is largely eliminated when 
the 200-mesh particles are quenched. 

i. X-ray evidence at room temperature of 200-mesh austenitic 
particles of steel shows that the gamma lattice is contracted after 
submersion in liquid oxygen. The average value of eight steels 
before submersion shows gamma to be 3.6037 A units while after 
about six weeks submersion the same steels averaged 3.594 A. This 
difference is far too large to be due to any experimental error. 

Westgren’s results on a nickel steel containing 25 per cent 
nickel with 0.24 per cent carbon showed a value of 3.58 A before 
submersion in liquid oxygen while after submersion this steel 
showed only 3.54 A. 


These austenitic powders were tempered at 212 degrees Falir 
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degrees Cent.) and X-rayed at room temperature about two 
months afterwards. 


ro mad to be 2 S)81 A. 


The average alpha lattice parameters were 

After tempering at 374 degrees Fahr. (190 
degrees Cent.) these steel powders showed an average value of 
9 8641 A. 

These experiments indicate that the temperature effects on the 
lattice parameter cause somewhat of a permanent set on the para- 
meters, or that there is a hysteresis effect in the change of the 
parameter with change of temperature. This relation is more 
definitely shown in the case of the gamma pattern, 

j. X-ray evidence shows that the calculated lattice parameter 
of pure electrolytic iron gives 2.858 A units. Davey* found a value 
of 2.861+.003 A for an iron reduced with hydrogen and 2.855 A 
for vacuum fused electrolytic iron. THis higher value for the iron 
reduced by hydrogen may have been due to the spreading of the 
lattice by dissolved hydrogen similar to the cases of Palladium 
and Platinum reported by Yamada*®, MceKeenhan®, and Osawa.‘ 
This value also checks that of Hull® (2.86) and that of Wever® 
2.863) fairly well. 

k. X-ray results show that the lattice parameter of electro- 
lytic iron is practically the same as that of the alpha formed when 
high carbon and high alloy austenitic structures decompose either 









on quenching or on tempering. However, the lines of alpha pro- 
duced in the decomposition of austenite are not as intense and are 
frequently wider than those of electrolytic iron which may indicate, 
Llow- 
ever, the width of the sodium chloride lines varied considerably in 


as Westgren’® has stated, that this ferrite is finer grained. 









the erystallograms investigated, even when made from the same 
sample, and it might be expected that the ferrite patterns would 
vary, 

|. The values of the gamma parameter of steel No. 2 con. 
taining 11.88 per cent manganese with 1.37 per cent carbon gave 
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3.608 A. This is very close to Westgren’s values on a mang 
steel containing 12.1 per cent manganese with 1.34 per cent carbon 
which are 3.61 to 3.624 A. 

The gamma parameter of steel No. 5 containing 22.57 pe: 
nickel and 0.99 per cent carbon was found to be 3.606 A. Westerey 
reported a value of 3.64 A for a steel containing 24.3 per cent 
nickel, 6.05 per cent manganese with 1.18 per cent carbon. 

Westgren'™ did not find the gamma pattern on oil quenching 
a 2 millimeter section of high speed steel from 2330 degrees Fahy 
(1275 degrees Cent.) probably due to a too drastic cooling which 
resulted in the formation of martensite. He reported 2.86 A for 
the alpha pattern of this steel. The gamma parameter obtained 
from quenched powder of high speed steel No. 4 was 3.578 A. (‘This 
value was caleulated from only two planes, 211 and 110). The 
alpha lattice found for this steel was 2.851 A. 

The gamma parameter of steel No. 10 containing 2.66 per cent 
‘arbon was found to be only 3.60 A. This low value may have been 
eaused by a low carbon austenite due to insufficient time at the 
quenching heat to put all of the carbide into solution. On a similar 
steel of 1.98 per cent carbon Westgren and Phragmen’™ obtained 
a value of 3.64 A. 


hese 


m. Owing to the size and shape of the cementite unit ce! 
which has been found’* to be an orthorhombic parallelepiped con 
sisting of 4Fe.C, it is very unlikely that it is dissolved as a unit 
in either austenite or martensite by a simple replacement of the 
iron atoms.” Density determinations ealeulated from X-ray data 
indicate that the carbon atoms cannot all be situated so as to re 
place iron atoms in the gamma lattice. Many calculated densit) 
determinations from X-ray results have been reported to check 
quite closely with the actual specific gravity determinations fo: 
most of the pure metals." 


It should then be possible to determine something as to thi 


position of the carbon which is in solution in the gamma iron. 


Steel No. 2 (‘‘Hadfield’s manganese steel’’) and steel No. 5 


(‘‘Bain’s high earbon-chromium steel’’) showed nearly an all 


uJournal, Iron Steel Institute 1921, Vol. CILI, No. 1, pp. 303-325. 





Journal, Iron Steel Institute 1922, Vol. CV, No. 1, pp. 241-262. 


Journal, Iron Steel Institute 1924, Vol. CIV, No. 1, pp. 159-174. 
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austen 


f10n, SC 


(Compost. 


[ron 


1 ‘ 
\iang: 


] 
S1ileol 


(Carbo 


won at 


\W 


T 
with t 
atoms 
lattice 


atoms 


his @ 





A for 


tained 


at the 
imilar 


tained 


it cel 
1 Con 
a unit 
of the 
y data 
to re 
lensit) 


eheek 








DECOMPOSITION OF AUSTENITE 9 


~] 
~~ 





austenitic strueture both by the microscope and by X-ray diffrae- 
‘ion, so they were chosen for the following calculations: 












Steel No. 2 







Composition Weight per cent Atomie per cent Atomie weight 
weit” 2c ssalacae tabs ane exten 6 86.09 81.51 55.84 
Man@amese <..i<ss.e% ARB 11.40 54.93 
SS ite Ae alata as Waa sees 0.66 Loo 28.1 
See ee eee ee L.37 6.02 12.0 

















If the carbon, manganese and silicon atoms are replacing the 
iron atoms in the lattice, the calculated density will be: 
4(52.72) «x (1.650) «& ( 107") 


eee one 7.41 
(3.608 )* x (10-**) 



















Where 4 = Number of whole atoms in the unit face-centered 
cubie lattice 52.72 = Molecular weight of the sample 
(1.650) (10°74) Mass in grams of an atom of unit 


atomic weight. 


The above calculated density value is far too low as compared 
with the actual density of the steel (7.812). However, if the carbon 
atoms are postulated to occupy positions inside of the gamma iron 
lattice and silicon and manganese are calculated to replace the iron 
atoms, we have: 











$(56.103) & ( 1.650) ~ (10-7') 
- 7.58 

(3.608)*s¢ (10-24) 
This value is considerably closer to the actual value determined 
by weighing (7.812). 

Westgren’s'’® calculation on a similar steel checked absolutely 
lis experimental density determination (7.83). 
If steel No. 3 be taken for these calculations, we will have: 















Composition Weight per cent Atomic per cent 
Pt oo et éeneeeue Se 78.93 
CRPOMINM . 2.2... 10.56 10.37 
aa 2.22 9.44 
hog wy Shao on 0.50 0.908 


Maneanese ....... 0.36 0.514 











4(51.04) x (1.650) « (10-**) 


—_—_— — = 7.26 


(3.593 )*x (10°**) 
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for the calculated density when manganese, silicon, chromiun 
carbon replace the iron in the gamma lattice. This value is 
too small as compared with the experimental (7.981). 

Llowever, if the carbon atoms are postulated to occupy posit 
inside of the gamma lattice and only silicon, manganese 
chromium are calculated to replace the iron atoms, we will have 


(46.28) « (1.650) « (10-**) 
S008 
(3.593 )*x (10-**) 


which checks the value 7.981 very closely. These calculated values 
are higher in both steels which may indicate voids in the larg 
pieces. In fact, steel No. 2 showed voids that could be detected 
with the microscope. 


These calculations seem to show that the carbon is ineluded 
inside the space lattice of the gamma iron and does not replace 
the iron atoms in the lattice. It may be postulated that in this 
position the carbon, owing to its affinity for iron, has a bonding 
with adjacent iron atoms. 
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THE AUTOMATIC ELECTRIC FURNACE —ITS USES 
AND POSSIBILITIES 


By Haroup Kk. W oop 





A bstract 


























The automatic heat treatment of the modern auto- 
motive crank shaft involves some interesting engineering 
woblems when the great variety of designs of crank 
shafts is considered. The fact that these designs are 
constantly being changed as motor engineering prog- 
resses, makes it impossible to arrive at any standard to 
he used in furnace design that would remain a standard 
while the furnace was being designed and installed. 
With this condition existing, tt was necessary to deviate 
somewhat from the beaten path, and design equipment 
which would heat treat any forging without the knowl- 
edge of its details of design in mind, other than that it 
must not be over four feet in length and nine inches in 
greatest undth. It was with this broad idea in mind that 
ihe equipment described was designed and installed. 


MECHANICAL DESIGN 






[1K equipment consists of two rotary-hearth electric furnaces, 

one to be used for hardening and the other for tempering 
drawing), with automatic charging and discharging devices on 
ich furnace, automatic quenching mechanism, and transfer con- 
evyors. The two furnaces are exact duplicates mechanically, (Fig. 

The diameter of the outer shell is 32 feet, and the inner shell 
1) feet, the mean diameter of the hearth being 23 feet, 6 inches. 
Roth the outer and inner shells are made of heavy reinforced steel 
ate, With riveted joints, and are supported on reinforced concrete 
foundations with a suitable pit underneath the hearth for easy 
weess for inspection and lubrication. 

The hearth is all structural steel construction, with railroad 
rails running on drop-forged and heat treated rollers, roller bear- 
ngs being used throughout to reduce friction to a minimum. The 
thrust on the hearth is taken by adjustable horizontal rollers 
traveling against the side of the inner rail head. The hearth is 








lriven by a 3-horsepower motor through proper speed reduction 


\ paper presented before the Milwaukee Sectional Meeting of the Society, 
19 and 20, 1927. The author, Harold F. Wood, is metallurgical engineer, 
in-Gordon Co., Ingalls-Shepard division, Harvey, Illinois, 
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and crank arm to a simple pawl and ratchet, the ratchet 
mounted on the underneath side of the hearth on the mean 
diameter of same. The pawl is attached to a erank arm and 
counterweighted so as to always remain engaged on the ratchet 
during all points of crank arm travel. 

The furnace lining consists of 9 inches of firebrick or specially 
shaped tile, backed up with 12.5 inches of insulation. Adequate 
sand seals are provided on both inner and outer hearth circles to 
prevent leakage of cold air into the furnace. 

Located radially on the top of the hearth are high vrade. 
heat-resisting alloy castings, the legs of which are seated in small 


elng 


recesses in the hearth tile, which are indexed properly with the 
ratchet teeth. Heat-resisting alloy anchor castings, assembled 
from the underneath side of the hearth, project through the bot- 
tom of the hearth, and not only hold the hearth tile in proper index 
position relative to the ratchet teeth, but also engage a recess on 
the underneath side of the hearth castings, taking the thrust of 
charging and discharging of the product being treated. The index 
of the hearth is such that hearth castings are always in line with 
charging and discharging door castings, thereby making automatic 
charging and discharging possible. 

On top of the furnace is mounted the motor driven charging 
and discharging mechanism. (See Figs. 2 and 3.) Through a 
proper speed reduction and gearing, a 3-horsepower motor drives 
two cams with crank pins mounted on the side of same. The crank 
pins are connected by means of I-beam connecting rods to heavy 
cross heads, sliding on bronze guides. These cross heads operate 
a specially designed link mechanism, three peints of which are 
movable and one point stationary. The outer link arms are long. 
On the charger mechanism the long arm is attached directly to 
the charger head, and on the discharger mechanism it is attached 
through a short link to another cross head, which is connected by 
means of a round shaft to a heat-resisting alloy pusher liead 
located in the inner wall of the furnace directly opposite the dis- 
charge door. Rolling on the contour of the cams are rollers con 
nected through suitable bell cranks to the doors. The relative 
index of the eam contours and erank pins is such as to enable the 
doors to be open the minimum period possible of the operating 
eyele. A suitable shear kev is located in the hub of the master 
driven gear to prevent any damage being done to the charging and 
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jischarging mechanism or to the furnace proper, should a forging 
» located improperly in the charging trough. 

The forging is discharged from the hardening furnace upon 
‘he quenching mechanism. (Fig. 3.) The final 2 inches of stroke 
{ the discharge pusher head trips the quenching mechanism and 


ie 
cet beet ee ie) 2) et 
en) ee et | * aye ~~ . 


3—Charging and Discharging Mechanism in Operation Showing 


Forging being 
posited on Quenching Mechanism. 


allows the forging to be immediately immersed in the quenching 


medium and be deposited upon a variable-speed conveyor for trans- 
ler to the tempering furnace. At the instant the forging falls 
trom the conveyor down an incline to the tempering furnace 
‘harging trough, it engages a steel paddle which operates a switch 
to set the tempering furnace cycle in operation. The forging is dis- 
‘harged from the tempering furnace upon a mechanism which is 
an exact duplicate of the quenching mechanism, from which the 
lorging slides on an inclined plane to a high speed conveyor, which 
‘arries it to the next operation after heat treatment. 

In the control room is loeated an electric timer which de- 
termines hardening furnace time cycles. (Fig. 4 and 5.) This 
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timer is ealibrated in 5-second intervals, which makes pe 


maximum flexibility in rates of production. 

The charging and discharged mechanism, hearth drives 
quenching tank conveyor are all interlocked electrically to 
antee proper sequence of operations. By means of this interlov| 


Fig. 4—Arrangement of Instruments in Control Rcom. 


ing, it is impossible for the charging and discharging mechanism 
to function while the hearths are in motion, or out of proper index 


When stationary. It is also impossible for the hearth drive 
mechanism to function while the charging and discharging mechan- 


isms are in motion or stationary at any point in the cycle except 


when the pusher heads are in their extreme outward position. ‘The 
quenching conveyor is interlocked with the tempering furnace 


hearth drive and charging-discharging mechanisms, so as to prevent 


a second forging from being deposited in the tempering furnace 
charging trough before the preceding cycle has been completely 
finished. See Figs. 6 to 9 for detailed drawings of the furnace 


mechanism. 


The furnace installation .is located in the line of regular shop 


han 
live 


imn 
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operations. This makes it possible for the man performing the 
operation preceding heat treatment to load the hardening furnace 
trough with no extra effort. From this point on the forging is 


Fig. 5—Battery of Contractor Panels Operating Various Zones on Furnaccs. 


handled completely automatically, and when heat treated is de- 
livered by conveyor to the man performing the regular operation 


ae immediately following the heat treatment. 


index 

drive ELECTRICAL DESIGN 
schan- Each furnace is divided electrically into six zones. The kilo- 
ced watt input in each zone operating on 235 volts is in accordance 

he with Table I. (See Fig. 9.) 

= The maximum power input on the hardening furnace is 793 
idee kilowatts and on the tempering furnace 720 kilowatts, making a 
— total of 1513 kilowatts connected load. Each zone is controlled by 
pletel) means of a single-point recorder controller and safe-guarded by 
_—" limit fuses. Although the total connected load is 1513 kilowatts, 


the maximum demand set up has never exceeded 1000 kilowatts, 
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Table I 
Kilowatt Input 


Zone No, Hardening Furnace Tempering Furnia 
Kilowatts Kilowatts 
15] 120 
14] 120 
141 120 
120 120 
120 120 
120 120 


Fig. 6—Details of Charger and Discharger Mechanism Drive Located 
of Furnaces, 


due to the large number of zones that are controlled at tempera 
ture with the furnace running at capacity production. 

Located in the control room are four meters: one measuring 
total power consumption on the primary side of the transformers: 


ohne measuring power consumption on the secondary side of the 


transformers of the hardening furnace; one measuring power con 


sumption on the secondary side of the transformers of the tempering 
furnace: and a recording kilowatt hour meter showine maximun 
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lemand at all times. (Fig. 4.) Connected in parallel with the 
harging and discharging mechanism control cireuits are two 


magnetic counters which give very accurately production through 


Fig. 7—Section Through Charging Door Showing Detail 
Mechanism and Sectional Details of Furnace Proper. 


the furnaces at all times. All meters are read at the beginning of 
each shift and complete performance of furnaces calculated. These 
records are invaluable if accurate furnace performance is to be 


secured, 
KE FRICIENCY 


Kurnace efficiency records over a few hours or shifts are worth 
less in that they do not supply information that is indicative of 
What may be expected month after month. Table IL shows both 
operating and net thermal efficiencies on installation for a three 


months” period, 


mpera 


isuring 
rmers : 
of the 
er Con 
|perine 


Xiu Fig. 8—Section Through Discharging Door Showing Details of Discharger Link and Cam 
Mechanism and Sectional Details of Furnace Proper. 
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Table II 
Thermal Efficiencies 


Month Operating Efficiency Net Thermal Efficien 
Per Cent Per Cent 
February, 1927 ........ 96.2 66.9 
March, 1927 96.7 70.8 
April, 1927 96.87 67.4 
Averages ........ 96.59 68.4 


Fig. 9—Diagram Showing Division of Furnace Into Zones and Location 
of Furnace Heating Elements in Each Zone, 


The net thermal efficiency figures include all radiation, trans- 
former and standover losses, and are indicative of the actual power 
paid for. The operating efficiency was calculated on the basis of 
actual producing cycles to total possible cycles. There was no 
direct labor of any kind performed during the 3-month period. 


ADVANTAGES 


Makes possible the location of heat treating operations with 
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other production operations, thereby making same a pace setter, 
because of its wide range of time cycles, for preceding and sub- 
sequent operations which makes possible economies in a sequence 
of other operations of a magnitude that makes the furnace invest- 
ment a most desirable one, even though the actual economy in the 
heat treatment operation be small in itself. 

2. Makes possible 100 per cent individual handling of pro- 
duct in the heat treating operation resulting in exact duplication 
of treatment on each individual part. This is vital if highest pos- 
sible quality of product is to be secured. 

3. Makes possible the complete elimination of direct labor on 
the heat treating operation and centralizes 100 per cent. re- 
sponsibility for results into the hands of one man. The importance 
of this cannot be over-estimated from a quality standpoint. 

4. Makes possible maximum net thermal efficiency due to 
heating nothing but the product being heat treated. 

®. Makes possible maximum production per square foot of 


floor space. 


6. Makes possible maximum flexibility in that it can aeccom- 


modate itself to the heat treatment of a variety of designs of parts 


and function with the same uniformity and efficiency on each, 

7. Makes possible maximum life of furnace mechanism in 
that the design lends itself to rugged structural steel construction 
and that no parts of conveying mechanism are subjected to heat. 
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THE CONSTITUTION OF STEEL AND CAST IRON 
PART IX 


py fF. T. 





















Sisco 
Abstract 


The present installment, the ninth of the series, takes 
up the formation of Graphite in Cast Iron and shows 
typical structures of gray iron containing graphite. 
The size and distribution of the graphite particles and 
the amount of cementite in the matrix are discussed in 
thew relation to the physical properties of cast tron. 
Finally the theory of graphitization of cementite 1s 
viewed in its effect on the equilibrium diagram and the 
constitutional changes of the iron carbon alloys. 


N our discussion of the constitution of steel and cast iron, we 
have, up to this point, considered the iron-carbon series to be 
alloys of the pure metal iron and the definite chemical compound 
iron carbide, Fe,C. Or, in metallographic terms, the iron-carbon 
series are alloys of ferrite and cementite. We have already noted 
that cementite is soluble in gamma iron up to the saturation point, 
or 25.5 per cént (equivalent to 1.7 per cent carbon). It is almost 
wholly insoluble in alpha iron, the allotropie form stable at at- 
mospheric temperature. Hence in the iron-carbon alloys contain- 
ing less than 1.70 per cent carbon we have, in their normal struc 
tural condition, ferrite and pearlite®? or cementite and pearlite, 
depending whether the alloy contains less or more than 0.85 per 
cent carbon. 












In the steels containing between 0.01 and 0.85 per cent carbon 
the cementite present is all in the pearlite, and so is known as 
eutectoid cementite. In the steels containing between 0.85 and 1.70 








"’The eutectoid or ferrite-cementite aggregate containing 0.85 per cent carbon. Se 
TRANSACTIONS, Vol. X, page 467, September, 1926, 





The author, F. T. Sisco, is Chief of Metallurgical Laboratories, Air Corps, 
War Department, Wright Field, Dayton, Ohio. 
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per cent carbon there is more cementite than is required for the 
pearlite consequently we have present (1) eutectoid cementite and 
2) pro-eutectoid cementite. 

When our alloy contains between 1.70 per cent and 4.30 per 
‘ent carbon there is more than 25.5 per cent cementite present. 
As gamma iron will not retain more than 25.5 per cent cementite 
in solution (saturated austenite) there will be some cementite in 
excess. In a previous installment we saw that this excess cemen- 
tite forms an eutectic alloy with some of the saturated austenite. 
At atmospheric temperature the iron-carbon alloys containing be- 
tween 1.70 per cent and 4.30 per cent carbon will contain (1 
eutectoid cementite, (2) pro-euctectoid cementite and (3) eutec- 
tic cementite. 

When the alloy contains more than 4.30 per cent carbon there 


is more cementite present than is necessary for the austenite- 


cementite eutectic. Hence at atmospheric temperature these 


alloys will contain (1) eutectoid cementite, (2) pro-eutectoid 
cementite, (3) eutectic cementite and (4) pro-eutectic cementite. 
It is necessary that we keep these four forms of cementite in mind 
as they enter importantly into the dissociation of iron carbide into 
iron and graphite. 


THe FORMATION OF GRAPHITE IN CASTINGS 


In previous installments we have mentioned that cementite, 
under certain conditions, is relatively unstable, tending to dis- 


sociate according to the reaction: 
Ke.C — 3Fe _ C 


In ordinary iron poured into castings most of the cementite 
does break up according to this reaction. There are two important 
factors promoting the formation of graphite, aside from the rela- 
tive instability of the cementite. These are: (1) the presence of 
a considerable percentage of silicon in the iron and (2) a slow 
rate of cooling through the solidification range. 

Most foundry irons contain a relatively large amount of silicon 
and as many of them are poured into castings of sufficient cross 
section so cooling is relatively slow, the finished casting will con 
tain considerably more graphite and combined carbon (cementite). 
In the average casting the graphite and combined carbon will be 
approximately 3.00 and 0.60 per cent respectively. lf a relatively 
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large amount of silicon, and slow cooling promote the formatio1 
of graphite, it follows that a small percentage of silicon and com 
paratively rapid chilling will promote the retention of combined 
carbon. It is also thought that much sulphur and manganese pre- 
vents the formation of graphite. 

When a cast iron contains most of the carbon in the form of 
eraphite it is known as gray iron. Due to the large volume occu 
pied by the graphite flakes the fracture appears gray or grayish 



















black. Some cast irons contain but a portion of the carbon in thi 
form of graphite. A fracture of these irons will show dark areas 
where graphite is present; and shiny, light colored areas where 
little or no graphite is present. These irons which contain about 
half of the total carbon in the form of graphite and half as cemen 
tite are called mottled iron. 

When east iron contains practically no graphite, the fracture 
is white and shiny; it is then known as white cast iron. Our dis 
cussion of the constitution of the iron-carbon series in previous 
chapters has considered only the steel-white cast iron or metastable 
alloys. Gray cast irons comprise the bulk of foundry iron poured 
into commercial castings. 





STRUCTURE OF GRAY Cast IRON 





When cast iron contains most of the total carbon in the form 
of graphite, we should theoretically have a matrix that is similar 
in structure to a low carbon steel. In this matrix of ferrite will 
be embedded the graphite. Fig. 55 shows the appearance of a 
specimen of cast iron with a graphite content of 3.27 per cent and 
a combined carbon content of 0.15 per cent. If this specimen had 












been etched we would see the irregular, polyhedral grains of ferrite 
with which we became familiar when we studied the low carbon 
steels. 

In Fig. 55 the graphite occurs as large curved plates or flakes. 
This specimen was taken from a commercial iron casting. The 
size and relative distribution of the graphite flakes may be called 
normal for commercial cast iron. In Fig. 56 is shown the appear- 
ance of a special gray iron. In this specimen which was taken 
from a high grade piston ring for an airplane engine, the graphite 
flakes are extremely small. Aside from the few rounded areas of 
graphite, the flakes as so small that they are scarcely discernible 
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‘matior at a magnification of 100 diameters. This structure is obtained 
id com by regulating the composition of the metal and by special methods 
mbined of casting. 


se pre- In Fig. 57 is shown still another typical structure of east iron. 
In this specimen the individual graphite particles are extremel) 

orm of small but are segregated into areas of appreciable size. Fig. 58 
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t and Fig. 55—Photomicrograph of Gray Cast Iron Showing Large Flakes of Graphite. Mag 
nification 100 X, Unetched. Fig. 56—Photomicrograph of Gray Cast Iron Showing Ver) 
n had Small Flakes, and a few Rounded Particles of Graphite. Magnification 100 X, Unetched 
errite shows this same specimen at higher magnification and after etching. 
arbon The white grains are ferrite, and the dark grains at the right are 
pearlite which contains the cementite. This photomicrograph 
lakes. shows in detail the distribution and size of the individual graphite 
The flakes. As this cast iron contains 0.39 per cent combined carbon 
valled the matrix is equivalent in structure to a hypoeutectoid steel of 
)pear- 0.39 per cent carbon. Fig. 59 from Sauveur shows the structure 


taken of a east iron containing approximately 0.90 per cent combined 


phite carbon. The structure consists of graphite flakes (black) embed- 


as O71 ded in a matrix of laminated pearlite. 
nible In examining the structure of gray cast iron it should be re- 
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Fig. 57 


Photomicrograph of Gray Cast Iron Showing Small Particles of Graphite Segre 
gated into Large Areas. 


Magnification 100 X Unetched. Fig, 58— Photomicrograph of Gra) 
Cast Iron Etched with Alcoholic Nitric Acid Showing a Hypereutectoid Matrix. Same 
Fig. 57. Magnification 500 X. Ferrite Grains—white (center) ; 

(right) ; Graphite in Small Flakes, Black (left and center). Fig. 59 ~Photomicrograph of 
Gray Cast Iron Showing Eutectoid Matrix. Magnification 630 X. (After Sauveur). 
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Pearlite Grains—dark 
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membered that graphite has a very low specific gravity, consequent- 
ly it makes up a considerable bulk. A cast iron containing 3.00 per 
cent graphite by weight will contain about 12 per cent of the 
element by volume. ‘This accounts for the relatively large are« 


occupied by the graphite in Fig. 55, 
STRUCTURE OF GRAY Cast IRON vs. PROPERTIES 


Graphite has a great influence on the properties of iron. 
(iraphite in itself is weak; also it breaks up the continuity and 
cohesion of the ferrite grains, thus producing brittleness. Cray 
iron is brittle, weak and cannot be worked or deformed, hot or cold 
In other words, it is not malleable. It has, however, a fairly high 
compressive strength. Cast iron is usually soft and is readily 
machined. This combined with its low melting point and high 
fluidity makes it ideal for complicated casting and for castings that 
must be machined, but which do not have to withstand vibratory 
or impact stresses. 

The weakness and brittleness of ordinary gray cast iron is 
due principally to the form of the graphite flakes; the structure 


illustrated in Fig. 55 representing an iron with comparatively 


poor properties, due to the large plates of graphite. If it were 
possible to pour molten iron into a mold so that all of the graphite 
would take the form of small rounded areas the properties would 
he much improved. The nearest approach to this is pouring the 
castings in hard white iron, and then graphitizing the cementite 
hy an annealing treatment as in the production of malleable iron. 

The properties of cast iron depend upon (1) the amount, shape 
and distribution of the graphite and (2) the properties of the 
matrix. We know that a steel containing 0.15 per cent carbon is 
not so strong as a steel containing 0.75 per cent carbon. It is thus 
obvious that if the matrix of a cast iron contains 0.75 per cent 
carbon the iron will be stronger than if it contained 0.15 per cent 
carbon. 

It is usually necessary to have a casting that will machine 
readily and still have a fair amount of strength, hence most com- 
mercial castings contain between 0.30 and 0.60 per cent combined 
carbon or the equivalent of a medium carbon steel. 

When it is desired to produce a gray iron casting with a hard 


surface to resist wear the solidification is regulated so that the 
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surface will chill more rapidly than the interior. This rapid chill 
ing prevents excessive graphite formation near the surface. The) 
are then known as chilled iron castings, and are extensively used 
for car wheels and chilled rolls for rolling mills. It is necessary 
to regulate the chemical composition of chilled castings carefully 


THEORY OF THE GRAPHITIZATION OF CEMENTITE 





It is well known that cementite readily dissociates into iron 
and graphite when heated to a high temperature. The graphitizing 
of cementite in the production of malleable iron is based on this 
fact. It is also well known that the higher the temperature, the 
more rapidly and completely this dissociation takes place. Now, 
it is also generally assumed that the higher the temperature at 
which cementite is formed the more readily this cementite disso- 
ciates in cooling into ferrite and graphite. If this is the case, 
graphitization in the iron-carbon alloys will take place in the fol- 
lowing order: (1) pro-eutectic cementite, present in iron-carbor 
alloys containing more than 4.30 per cent carbon; (2) eutectic 
cementite, present in iron-carbon alloys containing between 1.7() 
per cent and 4.30 per cent carbon and also in irons in which pro 
eutectic cementite is present; (3) pro-eutectoid cementite present 
in iron-carbon alloys containing between 0.85 and 1.70 per cent 
carbon and also when eutectic and pro-eutectic cementite are 
present, and (4) eutectoid or pearlite cementite present in iron 
carbon alloys containing between 0.01 and 0.85 per cent carbon, 
and also in all_of the higher carbon alloys. 



















In hypereutectic cast irons the pro-eutectic cementite forms 
at relatively high temperature (see Fig. 45). At this temperature 
there is no tendency to stability for this excess cementite and it 
dissociates into iron and graphite almost as soon as formed. 

With normal slow cooling, by the time the eutectic tempera- 
ture is reached practically all of the pro-eutectic cementite has 
dissociated. At the eutectic temperature, eutectic cementite forms. 
This too readily breaks up into iron and graphite. Only an ex- 
tremely accelerated cooling will prevent this dissociation. The 
graphite formed from the pro-eutectic cementite acts as nuclei for 
the acceleration of the dissociation of the eutectic cementite. With 
fairly slow cooling we can feel sure that all of the pro-eutectic and 
all of the eutectic cementite dissociates into iron and graphite. 
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Below the eutectic temperature, pro-eutectoid cementite begins 
to be expelled from the saturated austenite. As this pro-eutectoid 
cementite is formed at a relatively low temperature it dissociates 
less readily, but if cooling is retarded and if considerable silicon is 
present—most of it (usually practically all) will break up into 
iron and graphite. 







When the metal has cooled to the eutectoid temperature (the 
transformation, A,.,.,, range) the eutectoid cementite is expelled 


from the remaining austenite to make up the pearlite aggregate. 
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The, temperature is now too low for the dissociation of much of this 
pearlite-cementite into the iron and graphite unless cooling is very 
slow and a large amount of silicon is present. 


In the normal foundry iron the percentage of silicon is betweer: 





1.50 and 3.00 per cent, and cooling is usually sufficiently retarded 
in the solidification of the casting in a sand mold so that all of the 








pro-eutectic cementite (if any is present), all of the eutectic cemen 





tite, practically all of the pro-eutectoid cementite and a portion of 





the eutectoid cementite dissociates into iron and graphite. The 





result is a cast iron with a hypoeutectoid matrix; containing about 
3.00 per cent graphite and 0.30 to 0.60 per cent carbon in the form 
of cementite. 











The higher the carbon the more rapidly and completely the 





vraphitization of cementite proceeds. In a east iron 3.50 to 4.00 





per cent total carbon the carbon will graphitize almost completely 
if conditions are favorable. On the other hand, in a steel contain 











ing 1.50 per cent earbon, the carbon will not graphitize at all ex 
cept under unusual or exceptional conditions (such as very high 
silicon or prolonged annealing, etc.). From this it follows that 
for complete graphitization, nuclei of graphite are essential to 
accelerate dissociation of the pro-eutectoid or eutectoid cementite. 

















In order to have nuclei of graphite present we must have free 





cementite at a temperature where almost spontaneous dissociation 
will oceur. 








In other words in order to have a practically complete graphi 
tization eutectic-cementite must be present. This means that the 








carbon in the alloy must be approximately 2.50 per cent or more. 





If we have an iron containing about 3.50 per cent carbon there is 





sufficient eutectic cementite so dissociation of this cementite occurs 





spontaneously at the high temperature where eutectic cementite 
is formed. These graphite particles formed from the eutectic 
cementite act as nuclei for the graphitization of the pro-eutectoid 














and eutectoid cementite which are formed at much lower tempera 





ture. The tendeney for graphitization to oceur when eutectic 
cementite is present is so great that drastic methods are necessary 
to prevent it. 














On the other hand, if there is no eutectic cementite present as 





in the ease of iron-carbon alloys containing 1.70 per cent carbon 





or less, there will be practically no spontaneous graphitization and 
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no graphite particles formed at a high temperature to act as nucle 





for further dissociation. Ilence in the case of these alloys contain- 






ing less than 1.70 per cent earbon drastic methods are necessary 





to have any graphite formed. 







LRON-GRAPHITE EQUILIBRIUM DIAGRAM 





Some writers dispute the theory that cementite first forms as 





the iron-carbon alloys solidify; and that this cementite in the ease 





of the high carbon alloys dissociates almost spontaneously according 






to the reaction 














These writers among whom are Charpy, Heyn and Benedicks, 


They maintain that instead 







believe that graphite forms directly. 
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of havine an austenite-cementite eutectic. the eutectic is austenite 





graphite and austenite-cementite. Fig. 60 taken from Sauveur’s 





text®’ shows the combined equilibrium digaram of the iron-carbon 





alloys based on this assumption. From this diagram it is evident 





that the temperatures of graphite formation and of the solidification 





of the austenite-graphite eutectic are slightly higher than for the 





ausenite-cementite alloys. It is reasoned that the formation of the 





metastable cementite is due to under-cooling. 





It is probable that even though graphite is the stable form ot 





earbon in the high carbon alloys, this graphite is never formed 





directly but on the other hand, is the result of the dissociation of 





the metastable cementite which is formed first. 












“Metallography and Heat Treatment of Iron and Steel, 1926, page 430 
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Concerning this Sauveur states** 


‘Although recognizing the fact that graphite and not 
cementite must be the final condition assumed by carbon. 
the author believes with some other observers that gra 
phite never forms directly as iron-carbon alloys solidify, 
its occurrence always resulting from the breaking up of 
cementite according to the reaction 


Ke,C — 3Fe + C 





from which it would follow that the iron-graphite fusibil 
ity curve need not be included in the equilibrium diagram. 
Even those who believe in the possibility of the direct 
formation of graphite do not deny that cementite is the 
constituent which generally forms first on solidification ; 
they state that the separation of graphite from molten 
iron is possible only in the case of very slow cooling. As 
a matter of fact, however, they offer no conclusive evi- 
dences that such separation ever takes place,............ 
pee iia aaa On the assumption that graphite results from 
the breaking up of cementite soon after its solidification, 
it is readily understood why, in spite of their very great 
difference in specific gravity, iron and graphite are found 
uniformly distributed in the various parts of castings. 
The microscopical examination of the structure of very 
slowly cooled castings does not reveal the existence of a 
eraphite-austenite eutectic.’’ 


For our study of the constitution of the iron-carbon alloys we 
will be safe in assuming that the graphite found in gray cast iron 
is the result of the dissociation of the metastable cementite formed 
when the iron carbon alloys solidify. 

Fig. 45 reproduced from a previous installment gives the com- 
plete equilibrium diagram of the iron-carbon alloys with a deserip- 
tion of the constitutional changes taking place. From what we 
have learned concerning the behavior of the iron-carbon alloys when 
they cool from above the melting point to atmospheric temperature 
we should now be able to look at this diagram as whole understand- 
ing clearly how each change takes place. 





“Ine. Cit., page 430. 
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REVIEWS OF RECENT PATENTS 


Reviews of Recent Patents 


By NELSON LITTELL, Patent Attorney 
475 Fifth Ave., New York City—Member of A.S. S. T. 





1,624,982, Apparatus for Cleaning Metal Parts, Louis Rosenberg, of 
Milwaukee, Wisconsin. 

This patent describes an apparatus for cleaning metal parts, which 
comprises a tank 1 having an elevated bottom 2, an inclined bottom 3 
and a lowered bottom 4. A heater 8 is provided adjacent to one end of the 
tank and a plurality of lugs 22 adjacent to the top to support the metal 
articles to be cleaned. An inlet 18 is provided in the end of the tank 
adjacent to the heater 8, and an outlet 24 at the opposite end with a suit 


able skimmer 23. In the operation of the device, the tank is filled with 
water, the desired chemicals added and the metal parts placed on the 
supporting lugs 22. The circulation of the cleaning fluid is indicated 
by the arrows in the accompanying figure passing entirely around the 
heating chamber 8, thence along the top of the tank and returning along 
the elevated bottom 2 and inclined bottom 3. A steam pipe 21 for agi- 
tating the contents of the tank is provided and the lid is divided into 


three sections 5, 6 and 7, which are preferably hinged to the container. 


1,625,524, Manufacture of Steel Sheets, William E. Caugherty, of 
Natrona,, Pennsylvania, Assignor, by Mesne Assignments, to Allegheny 
Steel Company, of Brackenridge, Pennsylvania, a corporation of Penn- 
sylvania. 

This patent describes and claims a method of manufacturing stcel 
sheets for difficult drawing or stamping operations. It is the object of 
the invention to provide a method of rolling steel sheets which will have 
the advantages of both the present tight and loose rolling methods with 
out the disadvantages of either. In carrying out the method, the sheets 
are roughed down to approximately one-half their finished length and 
then singly annealed in a standard ‘‘blue-anneal’’ furnace operated con- 







































































































































098 TRANSACTIONS OF THE A. 8. 8. T. Jun 














tinuously at a temperature sufficiently high to completely normalize th 
structure. The sheets are then pickled, dipped in an emulsion of charcoal! 
and water and then matched, raised to a relatively low rolling tempera 
ture and rolled to length. The relatively final rolling temperature does 
not distort the grain structure produced by the annealing operatio 
because of the sheets being approximately one-half the finished length. 
The work in the final rolling operation is necessarily slight. After th: 


final rolling, the sheets are again pickled and the box annealed, 


1,626,263, Furnace and Method of Operating the Same, Frank W. 
Brooke, of Pittsburgh, Pennsylvania, Assignor to William Swindell and 
Brothers, of Pittsburgh, Pennsylvania, a corporation of Pennsylvania. 
This patent describes an electric furnace and method of operating 
the same in which a plurality of furnaces are used with one electrical 


equipment, the installation being such that it is possible to provide a 












relative movement between the electrical equipment and the. furnace. 
With this construction one furnace may be tapped, repaired: and re 
charged, while a charge is melted in another furnace, thereby increasing 
the efficiency of the single electrical equipment. In the embodiment of 
the invention shown in the accompanying figure, three furnaces 60, 61 
and 62 are carried by a turntable la, a suitable tilting mechanism ete. 
being provided, and two electrical units carrying electrodes 63 and 64 
of substantially similar construction are provided. The furnaces are lo 
cated at substantially 120 degrees apart on the turntable and rotation of 
the table 8 will bring a freshly charged furnace into engagement with 
the electrodes 63 and move the furnace previously in engagement: with 
the electrodes 63 to a position under the electrodes 64 wherein the par 
tially melted charge may be completely melted. The next rotation’ will 


move the melted charge into position for tapping. The furnace may then 
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ze thi e repaired and recharged and the eycle repeated, Various modifications 
larcoa] 1 design and construction are shown in the patent. 
mpera 


1,626,713, Apparatus for the Electric-Heat Treatment of Wire, Strip, 
and the Like, Herbert Alexander and Arthur Imbery, of Leeds, England. 


This patent describes an electric heat treatment 


e does 
ratio) > ° 

: apparatus for a wire, 
ength., : ‘ : , ° ‘ 

t] strip, or the like, in which the wire A is passed over an upper electrical 
er le 


ontact B and then through a refractory tube c, the lower end of which 


ik W. 
ll and 
a. 

rating 
trienal 


ide a 


dips into a liquid d in a quenching bath D. The wire is then passed over 
a lower contact E which is immersed in the quenching bath and thene 
under a pulley a near the bottom of the bath, then over a second uppe! 
contact B-1 and again through the bath under a second pulley a-l. The 
apparatus may be constructed to handle any number of strands of wire 
in parallel position and as each wire is under individual control, the 
degree of heating may be varied so as to accommodate wires of different 


gage in the same apparatus. 


1,628,281, Process of Making Basic Open-Hearth Steel, Julian L. 
Schueler, of Peoria, Illinois. 


This patent describes a process of making a basic open-hearth steel 
wherein the original charge does not contain sufficient limestone to form 
i finished slag with respect to the amount of metal charged, melting this 
charge and adding burned lime to bring the slag up to the proper con 
sistency, after which the addition alloying materials may be added and 
the heat is ready to tap. Due to the reduced amount of stone in the 
original charge, less carbon and less heat are necessary to melt the charge, 
so that a considerable reduction in fuel economy is made. 


1,626,248, Alloy, Paul D. Merica, of Westfield, and James 8S. Vanick, 
of Elizabeth, New Jersey, Assignors to The International Nickel Com 
pany, of New York, N. Y., a corporation of New Jersey. 

This patent describes an alloy cast iron, particularly adapted to resist 


oxidation and corrosion. The alloy is produced by adding nickel and 


chromium as_ alloying metals to gray east iron to produce an alloy which 


ean be cast in sand molds or against a chill. In making the alloy, cast 
iron having a carbon content of 2 to 4 per cent has added to it nickel 


in amounts of 5 to 35 per cent and chromium from 2 to 15 per cent. The 
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alloy is of a slightly greater shrinkage than ordinary cast iron but th: 


shrinkage is not sufficient to prevent the formation of good castings. Th: 
corrosion resistance of a typical casting is such that in 5 per cent sul 
phurie acid corrosion was found to be 536 milligrams per square decimete: 
per day. 


COMPARISON OF THE ALLOYING ELEMENTS CHROMIUM, NICKEL, 
MOLYBDENUM AND VANADIUM IN STRUCTURAL STEELS 


(Continued from Page 884) 





size a number of features which have not always been given ad 
equate consideration. No one of the four alloying elements selected 
for this discussion and no one group of steels has a monopoly on 
all of the desirable properties for structural purposes. While 
there is a practical interchangeability in mechanical properties in 
the low alloy content steels certain characteristics in their making, 
shaping, treating, etc., may make it advantageous to select a par- 
ticular*steel from one or another group for each of two services 
which at first sight might appear quite similar... It is this ability 
to select the type of steel which will meet requirements at least 
cost that has so largely contributed to the success of mass produc- 
tion in the United States. 

Comparisons have rightly been made on the basis of chemical 
composition, for this is important; it does not, however, tell all the 
story. Of perhaps greater importance is the ‘‘quality’’ factor or 
those characteristics, other than the proportions of carbon and al 
loying elements present, which contribute so largely to the suita- 
bility of steels for a given purpose. With both the ‘‘quality’’ 
factor and the chemical composition under control many advances 








have been made in the solution of the engineering problems of 
construction. Pride may rightly be had for the past, but continued 
efforts will be needed to meet the future severe requirements of 






engineers involving fatigue, corrosion, high temperatures, and 
wear. 






So far as can be forseen at this time, at least three of the 
elements selected for discussion, namely chromium, nickel and 
molybdenum, and possibly all four, will play an important part in 
these developments. Evidence to this effect is already at hand in 
the current high alloy content steels briefly described. 








Jun 27 ENGINEERING INDEX 


but th 
gs. Th 


out oul | THE ENGINEERING INDEX 


ecimete) Registered United States, Great Britain and Canada 


Arrangements have been made with The American Society of Mechanical 
Engineers whereby the American Society for Steel ‘Treating will be furnished each 
month with a specially prepared section of The Engineering Index. It is to 
include items descriptive of articles appearing in the current issues of the world’s 
engineering and scientific press of particular interest to members of the American 
Society for Steel Treating. These items will be selected trom the copy prepared 
for the annual volume of the Index published by the A. 8S. M. E., 

In the preparation of the Index by the staff of the A. S. M. E. some 1,200 
domestic and foreign technical publications received by the Engineering Societies 
Library (New York) are regularly searched for articles giving the results of the 
world’s most recent engineering and scientific research, thought, and experienc« 
ren ad From this wealth of material the A. 8S. S. T, will be supplied with a selective index 

to those articles which deal particularly with steel treating and related subjects 
elected Photostatic copies (white printing on a black background) of any of the 
articles listed may be secured through the A. S. 8S. T. The price of each print, 
oly on up to 11 by 14 inches in size, is 25 cents. Remittances should accompany orders 
: A separate print is required for each page of the larger periodicals, but whenever 
While possible two pages will be photographed together on the same print. When ordering 
: prints, identify the article by quoting frcem the Index item: (1) Title 
‘ties in (2) name of periodical in which it appeared; (3) volume, 
publication of periodical; and (4) page numbers, 


of article; 
number, and date of 
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ast iy J. A. hale of Research ebasiaeanh. viscosity at increasing temperature. 
rodue. Woolwich, on influence of molybdenum on LIMITING STATE Possibility of Visual 
medium-carbon steels containing nickél, izing Existence of Limiting States in the 
chromium, dealing with wide range of steels Study of Alloys 
io which moivybdenum has been added; re istence détats limites dans Vetude des al 
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establishing definite field of utility for molyb vol. 24, no. 2, Feb. 1927, pp. 93-107, 22 
all the denum as additional constituent of alloy figs Studs 
teels; outstanding feature among proper which 
tor or ties = : ee chromium a — deduced 

is relative absence of mass effect shown ae : aoe . : 
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wandlungserscheinungen bei leicht schmelz 
RAILWAYS. Alloy Steels in the Rail baren Legierungen (Rosesches Metall), R 


alit $9 roads, F. J. Griffiths. Ry. Club of Pitts Fleischmann. Zeit fiir Physik, vol 41, 
AlVS burgh—Official Proc., vol. 26, no. 5, Mar. no. 1, 1927, pp. 8-17, 8 figs 
i 24, 1927, pp. 94-98 and (discussion), 98 tin-lead-bismuth alloy is shown, by dilato 
vances 116, Use of high-manganese rails; vana metric and resistance measurements, to exist 
. , dium steel in locomotive frames, side arms, in three different modifications ; thermo 
ms of rods and pins; leaf springs which were electric experiments on alloy confirm the 
‘inued formerly made of carbon steel are now made results Brief translated abstract in Brit 
( f silico-manganese or of chromium-vana Chem, Abstracts, Mat 1927, p. 195 

nts of re of — — for — cars 
, ieat-treatec allov. steels in stayboits ame 
engine bolts; allovs used for sake of re ALUMINUM 

, and . 


sistance to corrosion. 


(Possibilité denvisager lex 


of diagram of equilibrium from 
existence of limiting states can be 


suita- 


Investigated 


CASTINGS Aluminum Castings Crown 

Pittsburgh Shrine, W H. Lloyd and 1} 

ALLOYS Bremer. Foundry, vol. 55, no. 8, Apr, 15, 

4 i (ee as : as 1927, pp. 292-296 and 321, 13. figs One 
E the COBALT rt NGSTEN., Binary System of Ze ‘Mustrations of use of aluminum 
and halt-Tungsten (Zar Kenntnis des imeistot castings for ornamental architectural decora 
systems Kobalt Wolfram), W. Geib and J. tion is in construction of spire for Pitts 

art in \. M. van Liempt.— Zeit. fiir Metallkunde, burgh church; total of 221 castings are used 
vol, 19, no. 3, Mar. 1927, PP- 113-114, = in construction; patterns for castings were 

nd in figs. Investigation of system with aid of made by General Model & Pattern Co.. Cleve 
measurements of temperature of coefficients ; land; spire is constructed of alternate pan 

this system forms no complete crystal series. els: dry sand cores were used to form 

ELASTICITY AND VISCOSITY. — Elasti carved sections at tips of projecting parts; 

ind Viscous Properties of Alloys (Les Pro all castings were made from alloy containing 

prietes elastiques et visqueuses des alliages), 5 per cent silicon and 95 per cent aluminum, 

M. Chevenard. Societe des Ingenieurs Civils having minimum tensile strength of 17,000 

de France Proces-Verbal, no. 6, Apr. 5, Ibs 
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CORROSION. Relation of Corrosion of 
Aluminum to its Physical and Chemical 
Properties (Vie Abhiingigkeit der Korrosions 
ursachen des Aluminums von seiner physikali- 
schen und chemischen’§ Beschaffenheit), E. 
Maab. Korrosion und Metallschutz, vol. 3, 
no. 2, pp. 25-30, 7 figs. Author shows that 
resistance of aluminum is in a great degree 
dependent upon its physical and chemical 
properties, 

ELECTRIC CONDUCTIVITY. Electric 
Conductivity of Pure Aluminum (Die elek 
trische Leitfiihigkeit des Reinaluminiums), 
M. Bosshard. Schweiz. Elektrotechnischer 
Verein—Bul., vol. 18, no. 3, 1927, pp. 113- 
122, 19 figs. Results of series of systematic 
investigations, showing influence of small ad- 
mixtures of iron, silicon, titanium, copper, 
zine, and calcium on conductivity of alumi- 
num; shows also influence of heat treatment 
and cold working on conductivity. 


ORGANIC-CHEMISTRY INDUSTRY. The 
Use of Aluminum in Organic Chemistry 
(Aluminium als Werkstoff in der organi 
schen Chemie. Buschlinger. Zeit. fiir Me- 
tallkunde, vol. 19, nos, 1 and 3, Jan. and 
Mar. 1927, pp. 25-36 and 101-106, 6 figs. 
Review of experimental results in chemical 
industry, giving, it is claimed, for first 
time systematically arranged basic require- 
ments for use of light metals; tests ap- 
plied to coal-gas, petroleum, fermentation, 
fatty-acids, sugar, foodstuff and other indus- 
tries. 

PREPARATION AND USES. Light Met- 
als (De lette metaller), 8S. Kloumann. Tek- 
nisk Tidskrift, vol. 57, nos. 15 and 16, Apr. 
16 and 23, 1927, pp. 122-127 and 129-133, 
14 figs. Describes different kinds of light 
metals, especially aluminum, its use in auto- 
mobiles, railway cars, busses, tanks, and wide- 
spread use in manufacture of kitchen uten 
sils; deals also with beryllium and mag- 
nesium, 

STRUCTURE. Structure and Strength 
Properties of Very Pure Aluminum (Gefiige 
und Festigkeitseigenschaften von sehr reinem 
Aluminium), F. v. Géler and G. Sachs. Zeit. 
fiir Metallkunde, vol. 19, no. 3, Mar. 1927, 
pp. 90-94, 13 figs. Investigations show that 
99.9 per cent aluminum has less strength 
than aluminum of less degree of purity; it 
has greater dilatation; complete recrystal- 
lization of cold-worked material occurs with 
all species of aluminum after annealing above 
259 degrees; 99.9 per cent aluminum be- 
comes very coarse-grained with annealing 
above 400 degrees; less pure aluminum only 
becomes coarse-grained after annealing above 
600 degrees Cent. 


ALUMINUM ALLOYS 


AIRCRAFT INDUSTRY. UU. §8. Aircraft 
Industry Developing into Important Factor 
in Aluminum and Light Alloys. Am. Metal 
Market, vol. 34, no. 75, Apr. 19, 1927, pp. 
3-5, 7 figs. Presents replies to question- 
naire sent out to producers of aircraft, show- 
ing extent and nature of aluminum consump- 
tion at present time; there is belief in 
engineering circles that all-metal type will 
be generally adopted, owing to numerous 
advantages gained in operation by reason 
of strong and light qualities of duralumin. 


ALUMINUM-SILICON. Solubility of Sili 
con in Aluminum-—<Addition to Diagram of 
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State Aluminum-Silicon (Ueber die Lisli 
keit des Siliziums im Aluminium), W. Kést 
and J. Miiller. Zeit. fiir Metallkunde, 
19, no. 2, Feb. 1927, pp. 52-57, 10 fi 
Curve of solubility of silicon in this syste: 
influence of degree of distribution of sili: 
on analytical results and on hardness. 
CALCIUM, INFLUENCE OF. The Infi 
ence of Calcium on Aluminium Containi: 


Silicon, J. D. Grogan. Metal Indust: 
(Lond.), vol. 30, no, 15, Apr. 15, 1927, pI 
383-385, 4 figs. Results of investigation 


on addition of calcium to aluminium co: 
pound CaAl, appears completely soluble 
molten aluminium within range examined 
but very slightly soluble in solid aluminiun 
on addition of silicon to this alloy compound 
CaSig is formed, completely soluble in molte: 
aluminium; in solid aluminium solubility 
extremely small at all temperatures. \] 
stract of paper read before Inst. of Metals 


CONSTRUCTAL. Aluminum Alloys (A\] 
minium und seine Legierungen), K. | 
Meissner. Zeit. fiir angewandte Chemie, \ 
40, no. 2, Jan. 13, 1927, pp. 61-62. Cor 
structal 2 and constructal 8 are described 
and compared with duralumin; _ effect 
various alloying metals with respect to ten 
sile strength, elongation, hardness, etc. 


TECHNICAL IMPORTANCE. The Signi 
ficance of Aluminum as Raw Material 
German Industry (Die Bedeutung des Alu 
miniums als Werskstoff fiir die deutsche Wirt 
schaft), H. Groeck. Maschinenbau, vol. 6 
no. 4, Feb. 17, 1927, pp. 201-202. Total 
production of aluminum, measured in volu 
metric units, amounts at present to on 
half of copper production; productivity o 
German works takes second place in world 
industry; through discovery of aluminun 
alloys and methods of improving them, 
high-grade material is available, development 
of which deserves closest attention. 

TECHNICAL IMPORTANCE. Aluminw 
Alloys and Their Technical Importance 
(Ueber Aluminiumlegierungen und ihre Bb 
deutung fiir die Technik), W. Haas. Cen 
tralblatt der Hiitten u. Walzwerke, vol. 31, 
no. 10, Mar. 9, 1927, pp. 115-117. Deals 
with binary alloys including aluminum-cop 
per, aluminum-zinc, aluminum-silicon and 
aluminum-manganese alloys; most important 
ternary alloy is duralumin, but in recent 
years number of similar alloys have been 
placed on market; refers to process devel 
oped by Strasser Bros. in Switzerland, for 
producing aluminum alloys which, without 
refining, possess sufficiently high strength ; 
electric purification process. 

ZINC-ALUMINUM. Change of Zinc-Alu 
minum Alloys in Solid State (Umwandlung 
von Zink-Aluminiumlegierungen im _festen 
Zustand), W. Fraenkel and J. Spanner 
Zeit. fiir Metallkunde, vol. 19, no. 2, Feb 
1927, pp. 58-60, 2 figs. Influence of small 
additions of other metals on velocity anil 
transformation; results of tests. 


BEARING METALS 


PIPES AND BLOWHOLES. Prevention of 
Pipes and Blowholes in the Castings of Jour 
nal Brasses (Ueber Massnahmen zur Ve1 
meidung von Lunkern und Poren beim Aus 
giessen von Lagerschalen), H. Bellag. Mo 
torwagen, vol. 30, no. 8, Feb. 20, 1927, pp 
97-98, 6 figs Discusses different methods 
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st important of which are those of which 
certain arbitrary control of solidification is 
iracteristic. 


BLAST FURNACES 


HOT STOVES, BRICKS FOR. Spiral 
icks for Hot Stoves, J Tornblad Iron 
Coal Trades Rev., vol 114, no. 3082, 
Mur. 25, 1927, p. 483, 1 fig. New typ 


checker bricks, so-called spiral bricks 
llartmann patents) which are manufactured 
n three sizes; among advantages claimed 
that every part of surface partakes equal 
in heat storage; surface area of bricks 
comparatively large; weight of bricks pet 
nit volume of checkerwork is considerably 
than with other types, ete.; gives re 
its obtained at LIlsede Iron Works, Ger 


iy See also Foundry Trade J1., vol. 35, 
554, Mar. 31, 1927, pp. 277-278, 1 fig. 


OXIDATION PROCESSES. The Influence 
f Oxidation Processes in the Blast Furnace, 


i Wiist. Iron & Coal Trades Rev., vol. 
14, no. 3082, Mar. 25, 1927, pp. 480-481, 
figs. Reoxidation of iron in front of 


veres is of wholly unexpected importance ; 
irprising results attained by use of hot 
last and more recently of dried air are 
lue to diminution in oxidation zone in front 

tuyeres ; there can be no ese aping from 
nclusion that in usual blast-furnace prac 
ce, considerable hitherto unsuspected por 
m of iron already reduced, is reoxidized to 
extent which must seriously prejudice econ 
my of process; author compares extent of 
xidizing zone in three furnaces; full ad 
vantage of wider hearths can only be re 
ized if volume of blast is increased in 
reater ratio than size of hearth; how fut 
ier improvements can easily be effected in 
lesign and working of blast furnaces. Trans 
ited from Stahl und Eisen. See also trans 
ition in Foundry ‘Trade JI, vol. 35, no 
4, Mar. 31, 1927, pp. 279-281, 2 fig 


r 
5>- 


WATER GAS AS FUEL. A New Blast 


Furnace Process, P. W. Uhlmann. Blast 
hurnace & Steel Plant, vol. 15, no. 4, Apr. 
1927, pp. 177-179. Author suggests use of 


iter gas as fuel instead of coal or coke, 
lranslated from Chemiker Zeit., vol. 51, Jan. 
15, 1927, p. 37. See ref. to original article 

Eng. Index Sec. A. S. S. T. Trans., p 
645 


BOILER PLATE 


ANNEALING. The Annealing of Boiler 
Pilate (Contribution A Vetude du recuit des 
les pour chaudiéres), S. P. Wologdine. Re 
vue de Métallurgie, vol. 24, no. 2, Feb. 1927, 
pp. 64-67, 9 figs. Results of author’s study ; 
points out that distribution of stresses can 
vary greatly and depends on conditions of 
leformation. Translated from Russian, 


BRASS 


COPPER RECOVERY FROM. Electrolytic 
Working of Brass Cuttings in Hydrochloric 
\cid Solution (Die elektrolytische Verarbei 
tung von Messingabfiillen in salzsaurer Lé- 
sung), W. W. Stender. Zeit. fiir anorgani 
che und allgemeine Chemie, vol. 159, no. 
1-2, Dec. 22, 1926, pp. 145-157, 7 figs. Dif 
ficulties of recovering copper electrolytically 
from brass on commercial scale; possible 
ethods of procedure; solution of problem 
s found in electrolysis of brass in hydro 
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for Steel Treating—Trans., vol. 11, no. 4, 
Apr. 1927, pp. 626-635. Discusses constitu- 
tion of iron-carbon alloys containing 4.30 to 
6.67 per cent carbon; constitutional changes 
in this series when cooled from molten state 
to atmospheric temperature; behavior of 
whole series of iron-carbon alloys containing 
0.01 to 6.67 per cent carbon, in cooling from 
high temperature, is reviewed. 


HIGH-GRADE., Cast Iron for Machine 
Construction and Improvements in Melting 
Practice in Iron Foundries (Gusseisen fiir den 
Maschinenbau und Neuerungen im Schmelz 
betrieb der Eisengiesserei), J. Mehrtens. Ma- 
schinenbau, vol. 6, no. 4, Feb. 17, 1927, 
pp. 196-201, 1 fig. Definition of high-grade 
cast iron; standardization work in the foun 
dry; classification of cast iron according 
to quality; chemical composition; melting 
furnace practice; furnaces for high-grade 
cast iron; after-treatment of molten iron; 
design of castings. 

HIGH TEMPERATURE, EFFECT OF. The 
Influence of High Temperatures on the Tex 
ture and the Mechanical Properties of Cast 
Iron. Foundry Trade Jl., vol. 35, no. 555, 
Apr. 7, 1927, pp. 303-304, 1 fig. Piwowar- 
sky’s results are confirmed by 13 series out 
of 15. 

MOLTEN. Play and Surface of Molten 
Cast Iron with Regard to its Analysis (Be- 
obachtungen itiber das Spiel und die Ober- 
fliiche fliissigen Gusseisens in Bezug auf dessen 
Analyse), Zeit. fiir die Gesamte Giesserei- 
praxis, vol. 48, no, 15, Apr. 10, 1927, pp. 
121-124, 15 figs. Shows that content of 
foreign substances has considerable influence 
on behavior and appearance of molten iron 
in ladle. 

OXYGEN IN. Oxygen in Pig and Cast 
Iron (Ueber den Sauerstoff im Roh- und 
Gusseisen), P. Oberhoffer and E. Piwowarsky. 
Stahl u. Eisen, vol. 47, no. 13, Mar. 31, 
1927, pp. 521-533, 5 figs. Oxygen deter- 
minations in cast iron gave, as upper per- 
missible limit, a content of 0.045 per cent 
O.; results show, furthermore, that greater 
air volumes can be admitted to cupola than 
are generally customary, thus increasing fur- 
nace efficiency, thermal efficiency and _ iron 
temperature; relation between oxygen and 
silicon content; influence on oxygen of 
strength. See also Giesserei, vol. 14, no. 13, 
Mar. 28, 1927, pp. 197-202, 1 fig. 


PHOSPHIDE EUTECTOID. The Effect of 
Prolonged Annealing on Phosphide Eutec- 
toid (Die Einwirkung langer Gliihzeiten auf 
das Phosphideutektikum), H. Pins]. Stahl 
u. Eisen, vol. 47, no. 13, Mar. 31, 1927, 
pp. 537-540, 7 figs. Gives two examples 
illustrating behavior of iron phosphide under 
influence of annealing; shows that through 
prolonged annealing phosphide eutectoid of 
gray cast iron can be overcome by diffusion 
of phosphide in iron. 


CASTING 


CENTRIFUGAL. Centrifugal Casting of 
Steel, L. Cammen. Can. Machy., vol. 37, 
nos. 10, 11, 12, 13 and 14, Mar. 10, 17, 


24, 31 and Apr. 7, 1927, pp. 32-33, 34-36, 
20-21, 22-24 and 35 and 48-50, 7 figs. Deals 
with centrifugal tube casting and shows its 
present and prospective field of application 
and limitations, particularly where centrifu- 
gal tube casting comes into competition with 














piercing process. Paper read before Am. § 
Steel Treating. 

CENTRIGUGAL. On Centrifugal Casti: 
T. Sugawara. Dept. of Railways (Japan) 
Bul., vol. 15, no. 3, Mar. 1927, pp. 338-364 
33 figs. (In Japanese.) 


CHROMIUM-NICKEL STEEL 
PROPERTIES AND HEAT TREATMEN' 
Facts and Principles Concerning Steel and 
Heat Treatment, H. B. Knowlton. Am. So 
for Steel Treating—tTrans., vol. 11, no. 
May 1927, pp. 791-803, 2 figs. Compositior 
properties, uses and heat treatments of sony 
of common types of chromium-nickel steels 
low, medium and high chromium-nickel ste« 
with carbon contents from 0.10-0.55 per 
cent; nickel-chromium heat-resisting alloy 


CHROMIUM STEEL 


PROPERTIES. Chromium and _ Cobalt 
Steels (Note sur les aciers au chrome et 
au cobalt), F. M. Ostroga. Revue de Méta 
lurgie, vol. 24, no. 3, Mar. 1927, pp. 135 
145, 22 figs. Dilatation tests; mechanica 
tests; principal characteristics of chromiu 
and cobalt high-carbon steels; they oxid 
only slightly at high temperature. 


COPPER 

ELECTROLYTIC REFINING. Twenty-Fiv 
Years’ Progress in the Electrolytic Refining 
of Copper, 8S. Skowronski. Am. Electrochem 
Soc.—advance paper, no. 33, for mtg., Ap 
28-30, 1927, pp. 333-339, 1 fig. Multipl 
system of refining is used more generall\ 
than series system; annual production of 
electrolytic copper in United States has in 
creased to five times that of 1902; Cottre 
precipitators are universally used for recoy 
ery of precious metals from refinery-plant 
fumes; casting furnaces have capacity up to 
400 tons, as compared with 100 tons in 
1902; oil and powdered coal have supe 
seded soft coal as fuel; direct leaching 
copper ores with subsequent electrodeposi 
tion has become a very important factor. 

ELECTROLYTIC SHEETS. ‘The Properties 
of Electrolytic Copper Sheets, 8. Sonoda, An 
Electrochem. Soc.—Advance Papers, Apr. 28 
30, 1927, no. 20, 14 pp. Behavior of copper 
sheets electrolytically deposited on rotating 
cathode is compared with that of ordinary 
sheets rolled down from cast squares; physi 
cal properties of electrolytic sheets were in 
vestigated, and method of annealing and roll 
ing developed which so affected these proper 
ties as to produce sheets in every way equa 
to ordinary rolled sheets; simplest procedure 
consisted in rolling sheets as they are taken 
from cathodes, and then annealing at 400 t 
600 degrees Cent. 


CORROSION 


GAS CORROSION. Corrosion in the Gas 
Industry, I. Ginsberg. Am. Gas Jl., vo 
126, no. 15, Apr. 9, 1927, pp. 353-356 and 
372. Division of corrosive influences; or! 
gin of impurities in water; other corrosiv: 
compounds; water-lime corrosion; classifi 
cation of corrosion; prevention; atmospheri 
corrosion; artificial coatings; anti-corrosi\ 
pigments. 

JOINTS AND CREVICES. Corrosion 
Joints and Crevices, U. R. Evans. Engine 
ing, vol. 123, no. 3193, Mar. 25, 1927, p| 
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rather than theory is dealt with; melting 
conditions ; size limitations; jolt filling 
of annealed cans; types of ore used. Mar. 
31: Annealing pots; nickel chrome cans; 
specifications. Apr. 7: Conclusion and dis- 
cussion 


MANGANESE 

LOSSES IN BASIC SLAGS. Manganese 
Lost in Basic Slags, C. H. Herty, Jr. Iron 
Age, vol. 119, no. 15, Apr. 14, 1927, pp. 
1063-1064. Nearly 280,000 tons of metal 
vasted in past year from open-hearth slags; 
how caleulation is made; recovery advocate, 


NONFERROUS ALLOYS. Manganese in 
Nonferrous Alloys, M. G. Corson. Am. Inst 
Min. & Met. Engrs.—Trans., no. 1655-C-E, 
Mav 1927, 20 pp., 19 figs. Systematic de 
scription of properties and uses of alloys 
other than manganese bronze, manganin and 
duralumin; properties of manganese; binary 
series copper-manganese; ternary copper al- 
lovs containing manganese. 

STEEL INDUSTRY. The Importance of 
Manganese in the Steel Industry, H. M. 
Boylston. Am. Inst. Min. & Met. Engrs.— 
Trans., no. 1560-C, May 1927, 6 pp. Man 
ganese as alloying element; economic im 
portance of manganese in steel making; sit 
uation in United States in 1926. 


METALLOGRAPHY 


STEEL FOUNDRIES. Metallography in 
the Steel Foundry. Research Group News, 
vol. 4, no. 1, Apr. 19, 1927, pp. 122-127, 
8 figs. Microscopic examination; components 
of steel; granular structure of steel; metal 
lography in group plants. 


METALS 


CORROSION Corrosion (Reichsausschuss 
fiir Metallschutz). Zeit fiir angewandte 
Chemie, vol. 40, no. 3, Jan. 20, 1927, pp 
96-103. Symposium of papers at 1926 meet 
ing of Reichsausschuss fiir Metallschutz, as 
follows: Corrosion Research in England, M. 
Haas: Rust Damage and Protection Costs, 
W. Widderholt; St&inless Steels, Strauss; 
Estimating Rate of Rusting and Rusting 
Tendency, Especially of OCR Steels, Duffek ; 
Aluminum Corrosion, E. Maas; Nomenclature 
of Tars and Bitumens, Mallisson; Waters 
Which Attack Metals and Cement, Klut; 
Corrosion and Practical Boiler Operation, A. 
Splittgerber; Colloid Chemistry and Corro- 
sion Research, Beck; Theory of Surface 
Coatings, A. Blom; Storch-Morawski Reac- 
tion, H. Wolff; Corrosion Protection by 
Coatings, O. Jiiger; Standardization, K. 
Wuerth; Chemical Behavior and Overvoltage 
of Metals, F. Liebreich; Cable Corrosion, 
©. Haehnel; Light Aircraft Alloy Corro- 
sion, Rackwitz. 

CORROSION FATIGUE.  Stress-Strain-Cv 
cle Relationship and Corrosion-Fatigue of 
Metals, D. J. McAdam, Jr. Am. Soc. for 
Testing Matls.—Proc., vol. 26, part 2, 1926, 
40 pp., 12 figs. Material and methods of 
investigation; following subjects are con- 
sidered: stress-cycle graph extended to nom 
inal stresses well above tensile strength of 
material and over range from less than 1000 
to more than 100,000,000 cycles; interrela- 
tionship between stress-cycle, stress-deflection 
and deflection-cycle graphs; effect of cyclic 
repetition on deflection and hysteresis; stress- 
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eycle graph as affected by cycle frequenc) 
thermal conductivity of specimen and en 
vironment, and form of specimen; extra 
polation of stress-cycle graphs; evidence ji 
presented that very slight corrosion when 
simultaneous with fatigue causes low resis 
tance to fatigue; damaging effect is greater 
the harder the steel; advantage of heat 
treatment may thus be practically neutral 
ized; ratios of ‘“‘corrosion-fatigue”’ limits to 
endurance limit are compared with other 
physical properties of steel; practical im 
portance of corrosion fatigue for ferrou 
and nonferrous metals. 


COLD WORKING. Influence of Cold Wor! 
ing on Speed of Evaporation (Ueber dis 
Beeinflussung der Verdampfungsgeschwindig 
keit durch Kaltbearbeitung mit einer Notiz 
iiber die Schmelz- und Umwandlungspunkté 
kaltbearbeiteter Metalle). F. Sauerwald, H. 
Patalong and H. Rathke. Zeit. fiir Physik, 
vol. 41, no. 4-5, Feb. 14, 1927, pp. 355-377, 
1 fig. Contains note on fusion and trans 
formation points of cold-worked metals; ki 
netic theory of cold working and recrystal 
lization. 


CREEP. Some Observations on the Creep 
of Metals, D. Hanson. Metallurgist (Supp 
to Engineer), Apr. 20, 1927, pp. 54-56. Re 
fers to paper by R. W. Bailey read before 
Inst. of Metals in March 1926, on mechan 
ism of creep; preliminary results of pres 
ent author’s research into creep of metals, 
carried out with view to ascertaining effect 
of creep on properties of material; material 
selected was pure aluminum sheet; most 
important observation is considerable degree 
of strain hardening which occurred in method 
during process of creep. 


DAMPING PROPERTIES. Damping Prop 
erties of Certain Metals Under Influence of 
Torsional Vibration (Die Diampfungseigen 
schaften von einigen Metallen bei Dreh 
schwingungen), Dr. O. Feubner and E. Ramb 
Zeit. fiir Metallkunde, vol. 19, no. 3, Mar 
1927, pp. 115-116, 6 figs. Deals with prob 
lems of damping properties of metals, which 
provide a guide for determining resistances 
of material to repeated stress; tests were 
carried out on copper, aluminum and iron 


GASES IN. Gases in Metals. Metal 
lurgist (Supp. to Engineer), Apr. 20, 1927, 
pp. 50-51. Review of recent investigations, 
with special reference to hydrogen, which 
is principal gas present in most metais; 
modern work indicates that it is most read 
ily absorbed the higher the temperature of 
a metal is raised above its melting point 
and gas is only slowly eliminated during 
subsequent cooling down to freezing range; 
special action is required to bring about 
separation or evolution of gas; slow solidi 
fication is perhaps most perfect method. 


GRAIN GROWTH. Relation of Sw-face 
to Volume in Crystals as a Determ.ning 
Factor in Grain Growth of Metals, G. W 
Walker. Am. Soc. for Steel Treating 
Trans., vol. 11, no. 4, Apr. 1927, pp. 619 
625. Attempt is made to obtain more criti 
eal view of mechanism involved in grain 
growth of metals taking into consideration 
physical factors; surface, volume, surface 
tension, surface energy, solubility, boundary 
migration, etc.; also attempt is made to 
consider these phenomena in quantitative as 
pect as far as data is available. 
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MOLTEN SOLDER, ATTACK OF. The 
Attack of Molten Metals on Certain Non 
ferrous Metals and Alloys, H. J. Hartley. 
Engineering, vol. 123, no. 3194, Apr. 1, 
1927, pp. 399-403, 16 figs. Metallographic 
examination of unstressed brasses attacked 
by molten tin at 300 degrees Cent.; tensile 
tests on materials under tin and solder at 
tack; experiments on copper and brass wire; 
concludes that tin content of solder 
of greatest importance in determining its 
ittacking power. Paper read before Inst. of 
Metals. 

SEGREGATION. The 


verse j 


seems 


Mechanism of In 
Segregation in Alloys, R. Genders 
Engineering, vol. 123, no. 3193, Mar. 25, 
1927, pp. 370-372 and 405-406, 14 figs. 
Deals chiefly with nonferrous alloys which 
are usually cast in molds smaller than those 
used for steel and which solidify with rela- 
tively great rapidity; common type of 
heterogeneity is segregation outwards of 
lower melting constituent of alloy, in con- 
tradiction of result which would be pre 
dicted by equilibrium diagram; phenomenon 
has been termed inverse’ segregation or 
liquation; reviews present theories and sug 
gests directions in which data essential for 
completion of general theory might be 
sought. Paper read before Inst. of Metals. 


OPEN-HEARTH FURNACES 

BASIC PRACTICE. 
Practice, C. H. Herty, Jr. Am. Soc. for 
Steel Treating—Trans., vol. 11, no. 4, Apr. 
1927, pp. 569-582. Open-hearth practice for 
three types of charges are compared, three heats 
of steel. being used for comparison; first 
two are pig iron and scrap heats with no 
ore in charge, first of these charged with 
very large scrap, second with medium scrap; 
third heat is iron ore heat, 20,000 lbs. of ore 
being charged with scrap; comparison cov 
ers melting period, lime boil, working period 
and efficiency of deoxidizers used; effect of 
sulphur in gas on sulphur content of metal. 


100-TON., The design of 100-Ton Open 
Hearth Furnaces (Dimensions des fours Mar 
tin de 100 tonnes), A. Pavloff. Revue de 
Métallurgie, vol. 24, no. 1, Jan. 1927, pp. 
1-9. Results of author’s investigations and 
caleulations; dimensioning of hearth  sur- 
face; gas and air burners;  recuperators; 
valve flues and stack. Translated from Rus 
sian 


RECUPERATORS. Recuperators 
to Open-Hearth Furnaces, W. UH. 
Engrs.’ Soc. West. Pa. 
10, Jan. 1927, pp 
517 530, 7 figs. 


Basic Open-Hearth 


Applied 

Fitch 
Proc., vol. 42, no, 
506-517 and (discussion) 
Use of recuperator, in com- 
bination with regenerators; use of screen 
or checker chamber before recuperator is 
desirable for purpose of removing oxide and 
dust; corebusters are employed to compel 
air to pass in contact with wall of tube; 
they consist of solid cylinders made of fire- 
clay; how construction of recuperator in 
fluences results as to uniformity of tempera- 
ture of combustion air leaving recupera- 
tor; in applying principle of author’s design 
of recuperator to open-hearth furnace for 
manufacture of steel, only limitation ap- 
pears to be quantity, temperature, and na- 
ture of dust that may be deposited on 
tubes. 


REFRACTORIES. 
Hearth 


Factors 


Affecting Open 
Refractories, B M. 


Larsen and A. 
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Grodner. Blast Furnace & Steel Plant, y 
15, no. 4, Apr. 1927, pp. 161-164, 10 fig 
Certain relations between refractories ser 
ice, insulation, and flow of heat in ope 
hearth furnace; investigation conducted wu 
der operating conditions. 


SILICA BRICK IN. The 
Silica Bricks in Open-Hearth 
Sieurin, Ceramic Soc 
4, 1925-1926, pp. 400-406. In order t 
obtain direct comparison under works con 
ditions, sample bricks were built into on 
of side walls of open-hearth furnace heart} 
at Swedish steel mill; these bricks wer 
particularly well burnt; at same time bric! 
also of superior quality, of German manufa 
ture, were placed in walls of same furnac 
hearth; tests made at Higaniis on abov: 
bricks; although softening point of bricl 
is about same as that of standard sili 
brick, resistance to corrosion by slag cd 
creases owing to admixture of considerab| 
quantity of ferric oxide. 


STEEL FURNACE-BANK CRYSTALS 
Steel Furnace Crystals, J. 8S. C. Primrose 
Am. Soc. Steel Treating—tTrans., vol. 11, 
no. 5, May 1927, pp. 763-766, 5 figs Fron 
description of _steel-furnace-bank crysta 
group, and micrographs of section taken fron 
50-lb, specimen, striking features arising 
from slow cooling of hyper-eutectoid stee 
are discussed with reference to brittle Wid 
manstiitten structure; very low power reso 
lution of pearlite lamelle; and intersection 
of primary cementite needles are noteworthy 


TECHNICAL PROBLEMS. Open- Hearth 
Operators Talk Shop. Iron Age, vol. 119 
no. 19, May 12, 1927, pp. 1369-1373, 4 
figs. Review of discussions held at meet 
ing of open-hearth conference, under auspice 
of American Inst. of Min. & Met. Engrs 
sloping backwalls; relation of areas of fur 
nace hearth, ports, flues, checker chamber 
and stack; ports for gas, oil and produce 
gas furnaces; waste-heat boilers; effect of 
mold dimension on blowhole locations in rim 
ming steel; European and American open 
hearth practice ; turbo-blowers for gas 
house. 


WASTE-HEAT BOILERS. Results of Test 
on Waste Heat Boilers, M. Ebner and M 
Hayes. Blast Furnace & Steel Plant, vol 
15, no. 4, Apr. 1927, pp. 191-192, 1 fig 
Installation of boilers on three 90-ton open 
hearth furnaces ; after : 
operation is checked. 


Alteration 
Furnaces, |} 
Trans., vol. 25, part 


service of 9 mo 


OXYACETYLENE WELDING 


LOCOMOTIVE SIDE RODS. Cutting Sid 
Rods with Acetylene Torch, F. H. Williams 
Can. Machy., vol. 18, no. 16, Apr. 21, 1927, 
pp. 22-23, 7 figs. Shows results, good and 
bad, of cutting steel side rods of locomo 
tives by this method, such rods being medium 
steel forgings, with carbon running from .25 
to .55 per cent, but not higher carbon 0: 
alloy steels. 


PLATE. Welding Plate of Medium Thici 
Acetylene Jl., vol. 28, no. 11, May 
1927, pp. 521-524, 9 figs. Exercises sug 
gested for training new welders in funda 
mental principles of welding materials used 
in fabrication of thin-walled tanks extracted 
from book by R. Granjon, P. Rosenberg and 
A. Desgranges, of Paris. 


ness, 





lode TRANSACTIONS 


Sparro 


Point, Md., division of 
Steel Co.; rod mill is entirely gear-driven 

STEEL INGOTS. Rolls Steel Ingot Weigh- 
ing 63,000 Lbs Iron Age, vol. 119, no. 
19, May 12, 1927, pp. 13876-1377, 2 figs. 
Slabs 130 in. wide and 3% in. thick, for 
fabrication into gear-reduction unit flywheels, 
produced on 206-in, plate mill, 


Bethlehem 


ROLLS 

PINCHING Pinching of Rolls 
schiirfen), H. Cramer Stahl u 
‘7, mo. 14, Apr. 7, 1987, Dp 
figs Increasing rolling efficiency by pinch 
ing of rolls; pinching designs; relation be 
tween speed of rolls and overrolling. 


(Walzen 
Eisen, vol. 
582-586, 10 


SHEET METAL 

ANNEALING New System Flat-Pack 
Sheet-Annealing Process. Iron & Coal Trades 
Rev., vol 114, no 3085, Apr 15, 1927, 
p. 606, 3 figs It is claimed that with this 
svstem difficulties are eliminated, while it 
is possible with flat pack, under satisfa 
tory conditions of efficiency and minimum 
handling obtain heating surface 
is high as 30 sq. ft. per ton of sheets; 
main advantages claimed for system are sum 
marized, 

PRODUCTION 
Welding of Sheet 


costs, to 


WELDING 
Metal. Acetylene JI., vol. 
28, no. 11, May 1927, pp. 519-520 and 524, 
4 figs. Growing use of sheet steel for per 
manence of service is accompanied by large 
fabrication economies through welding. 
ROLLING, Recent 


Production 


Developments in the 
Rolling of Sheet Steel. Mech. Engr., vol. 
49, no. 5, May 1927, pp. 451-454, 2 figs. 
Particulars regarding process of rolling steel 
application of continuous principle 
rolling, and increased production 
and savings possible through its adoption. 


sheets ; 
to sheet 


SILICON STEEL 

STRUCTURAL Structural Silicon Steel 
Has Special Properties, J. Meiser. iron 
Age, vol. 119, no. 16, Apr. 21, 1927, p. 
1146. Results of German open-hearth heats; 
details of composition and physical tests; 
Bosshart and regular heats compared. Trans- 
lated from Stahl u. Eisen, Mar. 17, 1927. 


SILVER 


ALLOYS. New Silver Alloys 
berlegierungen), W. Guertier. 
tallkunde, vol, 19, no. 2, Feb. 1927, pp. 68 
70, 4 figs. Results of investigations of be 
havior of alloying metals other than copper ; 
it was found that binary alloys with manga- 
nese, zinc, cadmium, tin, aluminum and 
magnesium, are more resistant to corrosive 
influence than silver-copper alloy. 


(Neue Sil 
Zeit. fiir Me- 


STEAM TURBINES 

BLADE EROSION. Tests on Erosion Caused 
by Jets, E. Honegger. Brown Boveri Rev., 
vol. 14, no. 4, Apr. 1927, pp. 95-104, 14 
figs. Purely qualitative tests have shown 
that erosion increases rapidly with velocity; 
metals which resisted erosion at speed of 
130 m. per sec. showed large holes after 
having been tested at 200 and 225 m. per 
sec.; relation between resistance to erosion 
of rustless steel and heat treatment: com- 
parison between rolled 5.0% nickel steel 


THE 


Jun 


and drawn  rustless chrome 
showed superiority of former ; 
iron of various qualities showed that th 
metal offered smaller resistance to 
than steel; characteristic erosion 
influence of size of drops. 


steel clear] 
tests on cast 


erTosior 
curves 


STEEL 

ABNORMAL. Theory to Explain Abno 
mal Steel, J. D. Gat. Iron Age, vol. 119 
no. 16, Apr. 21, 1927, pp. 1142-1144, 4 
figs Presence of unusual amount of dis 
solved oxygen promotes non-hardenability ; 


results of an investigation of many steels 


AGING. The Aging of Mild Steel. Met 
allurgist (Supp. to Engineer), Apr. 20, 1927 
pp. 49-50. Definition of aging; while it 
is clear that recovery of wrought iron and 
mild steel from plastic overstrain is an in 
tricate phenomenon of great importance, im 
mediate question is whether it is this phe 
nomenon which is described as aging in lit 
erature; further question arises 
is meant by describing mild 
from aging. 


AUSTENITE DECOMPOSITION The x 
composition of the Austenitic Structure in 
Steels, R. L. Dowdell and O. E. Harder 
Am. Soc. for Steel Treating—Trans., vol 
11, no. 4, Apr. 1927, pp. 583-606, 72 figs 
Effect of tempering quenched steels for dif 
ferent periods of time at different tempera 
tures has been studied by means of changes 
in hardness and changes in microstructures ; 
attention has been given to effect of sever 
mechanical stress, such as upsetting austenitic 
steel, on its decomposition on tempering; 
austenite more frequently tempers to troostite, 
but in certain cases typical martensitic ne¢ 
dles have been produced on tempering; tem 
perature at which martensitic = structur: 
breaks down in any given steel is lower than 
temperature at which austenitic structure ir 
same steel breaks down. 


AUSTENITIC STRUCTURE. The Decom 
position of the Austenitic Structure in Steels, 
R. L. Dowdell and O. E. Harder. Am. Soc 
for Steel Treating—Trans., vol. 11, no. 5, 
May 1927, pp. 781-790, 14 figs. Reports 
series of tests which was made to determin 
effect of stress on stability of austenitic 
structures; attempt is made to distinguish 
between effect of compression and _ tensile 
stresses; tests on effect of bending stresses 
during tempering, severe upsetting at room 
temperature and during tempering, tensile 
stresses at room temperature and at tempera 
ture of carbon dioxide snow; typical mar 
tensitic needles were produced by tensil 
stresses in ring specimens and by subject 
ing specimens which had been stressed in 
tension to temperature of CO, snow; stresses 
were found to make austenitic structures less 
stable both at low and at elevated tempera 
tures, 


BALL-BEARING, 
Ball-Bearing Steels, T. L. Robinson. Am 
Soc. for Steel Treating—-Trans., vol. 11, 
no. 4, Apr. 1927, pp. 607-618, 23 figs. te 
sults of series of alternating stress tests in 
which attempt was made to compare som: 
alloy steels now used in ball bearing manu 
facture; tests are supplemented by static 
bending test designed to eliminate as far 
as possible any alignment factors; test re 
sults and subsequent microscopic examina 
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tion indicated that size and distribution of 
particles of excess cementite were factors 
in performance of steel both under reversed 
stress or fatigue tests and under static bend 
ing test; steels in which these particles 
of cementite were comparatively small and 
uniformly distributed showed markedly 
ereater endurance and strength. 


CEMENTATION. Study of Gaseous Cem 
entation (Contribution A ]’étude des cementa 
tions gazeuses), M. Perot. Revue de Métal 
lurgie, vol. 24, no. 1, and 2, Jan. and Feb. 
1927, pp. 23-35 and 79-92, 38 figs. Cem 
entation by cyanogen; influence of tempera- 
ture on cementation ; influence of time, 
pressure, and concentration. 


COPPER DEPOSITION. Protecting Steel 
With a Copper Film, W. S. Barrows. Can, 
foundryman, vol. 18, no. 4, Apr. 1927, pp. 
15-16. Successful prevention of carburiza 
tion of steel by deposition of copper upon 
it depends very largely on _ production of 
non-porous coating of copper, moderately 
thick, firm, adherent and close-grained. 


PHYSICAL COMPOSITION. ‘The Physical 
Composition of Steel, J. D. Gat. Blast Fur 
nace & Steel Plant, vol. 15, no. 4, Apr. 1927, 
pp. 173-176, 1 fig. Open-hearth and rolling 
mill practice and their influence upon grain 
structure; effects of rate of cooling; types 
f ingot molds employed. 


RUSTLESS. Use of Non Rusting Steel in 
Paper Making, H. W. Stel. Paper Trade 
Jl., vol. 84, no. 17, Apr. 28, 1927, p. 47. 
Up to present time use of non-rusting steels 
in beaters has remained an unsolved prob 
lem which has now been solved by develop 
ment of ‘‘Nonoxy”’ steel, new departure in 
steel making which possesses twofold qual 
ity of being rust-resistant and of standing 
up very well under severe wear to which 
beater roll and bedplate knives are subjected. 
Translated from Le Papier, vol. 29, Dec. 
1926. 

SMOOTH-FINISH MACHINING. Smooth 
Finish Machining of Low Carbon Plain and 
Alloy Steels, J. S. Vanick and T. H. Wick- 
enden, Am, Soc. for Steel Treating—Trans., 
vol. 11, no. 4, Apr. 1927, pp. 551-568, 3 
figs. Plain and alloy low-carbon steels of 
carburizing type, have, under incorrect oper 
ating conditions, tendency to machine to 
rough finish in final -or finishing cuts; it 
was found that, for each steel and its par 
ticular heat treatment, this result was due 
to existence of critical-range of volume- 
removal rates within which rough finish was 
obtained; by avoiding this critical range, 
smoothly finished surfaces could be obtained ; 
applying results of this investigation to prac- 
tice, it was found that cutting conditions 
leaving rough surface, could be changed to 
give smooth finish by: lowering, or prefer- 
ably increasing cutting speed until it is 
outside of critical range; maintaining speed, 
but changing cut or feed; sharpening cut- 
ting angle of tool and maintaining speed 
and shape of chip; changing hardness of 
steel being cut. 

TEMPER BRITTLENESS. Temper Brit 
tleness of Steel (Discussion sur la fragilite 
de revenu). Revue de Métallurgie, vol. 24, 
no. 1, Jan. 1927, pp. 36-40. Discussion 
by A. Portevin and L. Brenet of article by 
L. Gillet and M. Ballay, published in same 
journal vol. 23, Sept. and Oct. 1926; and 


reply by authors See reference 


article in Eng. Index 1926, p. 713 


STEEL CASTINGS 

CHEMISTRY IN Chemistry’s Part I 
Making Steel Castings Research Group 
News, vol. 4, no. 1, Apr. 19, 1927, pp 
115-118, 1 fig Fundamental principles of 
ferrous metallurgy ; functions of chemical 
laboratory. 


HEAT TREATMENT OF, Exacting In 
spection as Related to Satisfactory Perform 
ance. Research Group News, vol. 4, no. I, 
Apr. 19, 1927, pp. 118-122, 5 fis First 
essential for scientific heat treatment is ps 
rometer ; welding safeguards ; adequate 
metal in risers; metallic cement prohibited 
cleaning regulations 


LOCOMOTIVE FRAME BEDS Improved 
Locomotive Frame Bed Ry x Locomotive 
Engr., vol ll, no. 4, Apr 927, pp. 1038 
105, 3 figs Mountain-type locomotive 
Southern Pacific Railway having one-pik 
cast-steel locomotive bed; cast steel used 
contains 0.18 ver cent carbon and 0.73 per cent 
manganese ; time required to poul steel into 
mold for one complete engine bed was abou 
11 minutes; steel was poured through spe 
cial nozzle from ladle containing about 0) 
tons of molten steel 


STEEL, HEAT TREATMENT OF 
GERMAN PRACTICE, The Heat Treat 


ment of Steel (Om Viirmebehandling av stal), 
Kk. Ryd Teknisk Tidskrift (Mekanik), vol 
57, no. 15, Api 16, 1927, pp 2-54 
port of Swedish engineer on German 
Lice 

OIL-WELL SUCKER RODS How 
ence is Improving Sucker Rods, H Ca 
sidy. Oil Bul., vol. 18, no. 4, Apr 1927, 
pp. 393-399, 6 figs. Development of nev 
heat-treated sucker rods of D & B Co.; n 
formation was compiled from _ tabulation 
prepared by company’s engineering depart 
ment and from laboratory notes and re 
ports submitted by author in his capacity 
as consulting metallurgical engineer, 


RAILS. New Process for Heat Treatment 
of Steel Rails (Nouveauz traitment 
thermiques de l’acier & rails), Marcotte and 
Martineau Revue de Métallurgie, vol. 24 
no. 1 and 2, Jan. and Feb. 1927, pp. 10 
19 and 68-78, 16 figs Details of process, 
invented by C. F. Sandberg, and employed 
in France at Hagondange works; principles 
of process and details of installation; shows 
that two processes, very different from each 
other, can be satisfactorily applied to pro 
longed life of rails: (1) sorbitic process, a 
applied at Hangondange, which gives rail 
a sorbitic texture; and (2) process in situ 
applied to street car rails on track which 
gives superficial martensite layer which 
greatly increases life of rail. 


ROCK-DRILL STEEL. Heat Treating Rocl 
Drill Steel. Ariz. Min. Jl., vol. 10, no. 21, 
Mar. 30, 1927, pp. 17-22, 6 figs. Discusse 
preparation of straight carbon rock-drill steel 
in general, and describes in detail practice 
at United Verde Copper Co.; explains valu 
and limitations of some equipment used in 
treating drill steel. 


SHOP EQUIPMENT Equipping Shop To 


Heat Treat Economically, | } Day Iron 
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Trade Rev., vol. 80, no. 17, Apr. 28, 1927, 
pp. 1073-1076 and 1081, 5 figs. Essentials 
of up-to-date heat-treating department from 
metallurgical viewpoint; pearlite is most 
important constituent in steel and has an 
important effect upon machinability; hard- 
ness of metal has nothing whatever to do 
with machining conditions; gears from 
which specimens were taken were annealed 
in stationary furnaces and investigation re 
vealed impossibility of producing uniform 
annealing in batch furnaces. 


STRESSES DUE TO QUENCHING AND 
TEMPERING. Stresses in Quenched and 
Tempered Steel, 8. L. Hoyt. Am. Soc. for 
Steel Treating—Trans., vol. 11, no. 4, Apr. 
1927, pp. 509-527 and (discussion) 528-530 
ind 658. When high-carbon steel is quenched 
from above its critical point in water, trans- 
formation takes place in steel at about 660 
degrees Fahr. which is accompanied by vol 
ume change of order of 1 per cent; it has 
been shown by Heyn, Scott and others that 
mechanism of reaction of steel to quench- 
ing operation is such that internal stresses 
ire necessarily set up; tempering is accom 
panied by volume changes; indicates how 
stresses operate during quenching and tem- 
pering to produce strains in steel and shows 
how, on such a basis, apparently anomalous 
dimensional changes may be accounted for; 
general argument is that tensile and com 
pressive stresses may not, at times, exactly 
balance each other and that their tendency 
to equalize results in strains or dimensional 
changes which are superposed on those due 
to volume changes. 


STEEL, HIGH-SPEED 


HIGH SPEED STEELS, F. C. A. H. Lants- 
berry. Am. Soc. for Steel Treating—Trans., 
vol, 11, no. 5, May 1927, pp. 711-725 and 
(discussion) 725-729 and 803, 4 figs. Tech- 
nique of various methods of producing high- 
speed steels in England, America and Ger- 
many, With special reference to methods and 
processes used in Sheffield, England, in mak- 
ing, composition, working, hardening, tem- 
pering, and theory of high-speed steels; 
writer is of opinion that modern tendency 
is to produce high-speed steels in electric 
furnace where refining operations make pos- 
sible use of inferior raw materials and re- 
sults in greater mass production, but that 
crucible process is favored in his works in 
Sheffield because of inherent quality of steel 
which results in more uniform product in 
small quantities; comparative analyses of 
English, American and German high-speed 
steels ; in England high-speed steels are 
classified according to their tungsten con- 
tent; in Germany tendency is to increase 
chromium content. 


STEEL WORKS 

ACCIDENT PREVENTION. Full Accident 
Prevention in Iron and Steel Works (Die 
Unfallverhiitung beim Eisen- und Stahlwerk 
Hoesch), H. Bitter. Stahl u. Eisen, vol. 
47, no. 14, Apr. 30, 1927, pp. 569-576, 13 
figs. American methods; new organization 
in German works; psychic effect, accident 
pictures and posters; statistics, lectures and 
rules; mechanical protective devices, gas pro- 
tection ; maintenance and improvements; 
first aid; advantages of accident protection 
for employers and employees. 








CRANES, INGOT TONGS. The Gripping 
Force of Ingot Tongs, W. E. Weight. Er 
gineering, vol. 123, no. 3190, Mar. 4, 192 
pp. 274-275, 6 figs. Investigations in o: 
der to discover reason why set of gripping 
tongs on newly built soaking-pit crane would 
not grip as desired; crane was intended t 
handle ingots, thickness of which varied 
from 8 to 20 in.; action of tongs 
calculation of forces involved. 

POWER PLANTS, Minnequa Steel Works 
Installs New Power Plant, H. W. Neblett 
Power Plant Eng., vol. 31, no. 9, May 1, 
1927, pp. 494-501, 14 figs. Great plant of 
Colorado Fuel & Iron Co. at Pueblo, Colo., 
uses as fuel blast-furnace gas cleaned by 
electrostatic precipitators, with pulverized 
coal as auxiliary fuel, and operates turbo 
generators and turbo-blowers. 


and 


STRUCTURAL STEEL 

MODERN. German Structural Steel (Dir 
neueren Baustiihle), Fiichsel. Organ fiir dic 
Fortschritte des Eisenbahnwesens, vol. 82, 
no. 5, Mar. 15, 1927, pp. 81-83. Discusses 
factors which influence development of high 
grade steel: introduction in Germany of 
St. 48, a steel having minimum ruptur 
strength of 48 kg. per sq. mm., and a 
silicon steel; their workability and other 
properties. 


TIN ALLOYS 

TIN-COPPER-ANTIMONY. The Tin-Cop 
per-Antimony System (Ueber das System 
Zinn-Kupfer-Antimon), W. Bonsack. Zeit 
fiir Metallkunde, vol. 19, no. 3, Mar. 1927 
pp. 107-110, 16 figs. Determination of types 
of crystals in this ternary system; rules 
for the treatment of bearing and old white 
metals containing copper and tin. 


TUBES 

NONFERROUS METAL. Manufacture of 
Nonferrous Metal Tubes by Hydraulic Ex 
trusion, W. Kurz. Metal Industry (Lond.), 
vol. 30, no. 13, Apr. 1, 1927, pp. 333-335, 
4 figs. Methods and appliances applied in 
processes in Continental Europe; extruding 
other metals; sizes of billets for extrusion; 
steel tools for extrusion presses. 


STEEL, SEAMLESS. Seamless Steel Tub 
ing; A Bibliography, V. S. Polansky. Blast 
Furnace & Steel Plant, vol. 15, nos. 2, 3 and 
4, Feb., Mar. and Apr., 1927, pp. 88-91, 133-136 
and 180-182 and 192. Practically all phases 
of tube manufacture are covered; Pilger and 
Mannesmann processes receive special atten 
tion; American and foreign practice. 


WELDING 


HEATING SYSTEMS. Welding in Plumb 
ing and Heating, S. E. Dibble. Welding 
Engr., vol. 12, no. 4, Apr. 1927, pp. 42-44, 
11 figs. Experimental installation shows ad 
vantages of welding torch in assembling 
low-pressure heating systems. 

STEEL PIPE. Welded Pipe for Water 
System, W. P. Brown. Welding Engr., vol 
12, no. 4, Apr. 1927, pp. 27-29, 5 figs. All 
field joints were acetylene welded, tank gas 
being used; in very deep cuts pipe was 
welded on high horses, lowered to 40-inch 
level and tied into line and then whole 
line lowered to bottom of ditch; saving of 
time and money by using welding process 
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rHERMIT. Mill Parts are Reclaimed by MAGNETIC PROPERTIES Influence of 
W Welding Proce ss. lron Trade Rev., Cold Working and Anne iling on Magnetic 

80, no. 18, May 5, 1927, pp. 1139 Properties of Thin Wires of Invar, Iron and 
40) New improved method of making Steel (Influence de 1l’écr 


lissage et du recuit 
rmit weld is important economic factor sur les propriétés 


magnétiques de minces fils 
reclamation work. dinvar, de fer et d’acier), ¢ Bieler-Butti 
Caz, Archives des Sciences Physiques et 
WELDS Naturelles, vol 9, m 5, Jan.-Feb 1927, 
TESTS. Tests of Welds at Lehigh Uni pp. 32-51, 2 figs. Comparison of variations 
rsity. Eng. News-Rec., vol. 98, no. 15, of magnetization with those of internal fri 
\pr. 14, 1927, p. 619. Number of. tests tion and moduls of torsion in function 
{ welded joints and members were made temperature; results show that point 
Lehigh University; planned to throw magnetic transformation is not displaced by 
gnt on physical characteristics of joints cold working, but cold working chang 
ide by several processes; they included form of magnetization curve 
nsion tests of welded bars, test of square . ‘ ‘ 
ime of I-beams and H-columns, sak” teak WIRE, COPPER 
trussed joist. MANUFACTURE. Developments in th 
. Manufacture of Copper Wire, J. R. Shea anl 
WIRE S. McMullan. Bell System Tech. JI, vol 
MAGNESIUM. Variation of Logarithmic 6, no. 2, Apr. 1927, pp. 187-216, 26 fig 
Decrement with Amplitude and _ Viscosity New copper rod and wire mill located at 
Certain Metals, C. Subbahmaniam,. Lond., Western Electric Co.’s plant at Chicago 
linburgh, and Dublin Philosophical Mag survey of copper-rolling and wire-drawing 
Jl. of Science (Supp. no.), vol. 3, no. art; tests made in varying practice in rod 
Apr. 1927, pp. 854-857, 2 figs. Study of rolling and wire-drawing; work done b 
ehavior of wires made of three metallic Western Electric Co. engineer n develoy 
ements, hamely, magnesium, zinc, and cad ing and designing new types of wire-drawing 
in machinery 


FUNDAMENTAL RESEARCH IN STEEL MANUFACTURE 


(Continued from Page 914 


others have thought about steel from the colloidal standpoint. If steel manu 
facturers and steel treaters would stress the importance of colloidal chemistry 
research in relation to steel making, I think the solution of the problem of 
hetter steel production will be largely solved. 

Answering Mr. Palmer’s remarks, | am sorry if, in reading the paper, he 
obtains the impression which he has recorded. In the first paragraph under 


‘*Non-Metallic Content of Steel’’ I tried to give the impression that ‘* clean 


steel’’ was a question of degree, and not that the open-hearth man was help 


less, but, on the other hand, I do believe that 99 per cent of your test bars 
out of one heat is exceptional, and I do not think you will find many open 
hearth superintendents who would not agree that it is exceptional. They will 
talk about clean steel all right, but just what is ‘‘clean steel?’’ For instance, 
on one heat we found the per cent of non-metallics 15 minutes after an ore 
uddition was .001. .0012 is the per cent of non-metallics as determined by this 
new method, Dickinson ’s method, the British method, and it apparently is a very 
reliable method, from all the laboratory results you can get on various results 
of steel. Of course, I would call that a perfectly clean steel. I do not think 
.J01 something would be in the least bit harmful, but the point is that you go 
from .001 on up to some unknown figure and that you have got to find out 
just what those different figures are. 

The physical chemist and the colloidal chemist, if they could fill in some 
of the gaps between room temperature work and steel temperature work, we 
might have a little better idea of what was going on, and I do not know but 
what the best method of attack in that kind of work is to obtain data all the 
way from room temperature to steel temperatures, as it is certain that data in 
the 1000 degree Cent. range would be very helpful in analyzing conditions at 


1600 degrees Cent. 
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News of the Society 


THE SPRING SECTIONAL MEETING 
A MOST successful sectional meeting was held in Milwaukee on Thursda 


and Friday, May 19 and 20. This meeting was the tenth sectional meet 

ing of the Society, and was well arranged by the energetic Milwaukee chapt 

committees. The meetings were held in the Hotel Pfister, and were attende«| 
by a surprisingly large number of members and guests of the Society. 

On Wednesday, May 18, the Officers and Directors of the Society 

members of the Recommended Practice committee held 


and 
all-day executiv 
sessions for the discussion of Society matters. After these meetings tli 
‘* Karly Birds’’ dinner was held in the Hotel Pfister, and was followed by 
theater party. A large number of the Milwaukee Chapter members attended 
these last two events. 


At 9:00 a. 


al 


m., Thursday morning, regular registration of members an 
guests was begun, and at 10:00 o’clock the first technical session was called 
to order. Chairman R, A. Thornberry of the Milwaukee Chapter introduced 
President J. Fletcher Harper, who extended greetings to the assembled mem 
bers and guests. Dr. John A. Mathews was then introduced as chairman ot 
the technical session. Two papers were scheduled for the session. They 
as follows: 


are 


Scientific Research and Its Application to Industry, by T. MeLean Jasper, 
director of research, A. O. Smith Corporation, Milwaukee. 

The Automatic Electric Furnace—Its Uses and Possibilities, by UWarold 
I’. Wood, chief metallurgist, Ingalls-‘Shepard Division, Wyman-Gordon Com 
pany, Harvey, Illinois. 

Thursday afternoon was devoted to a plant inspection trip to the Allis 
Chalmers Company. A complimentary luncheon was served by the Allis- 
Chalmers Company to approximately 100 members. 

At 7:00 p. m. the usual banquet was held in the Ball Room of the Pfiste 
Hotel, and was attended by 375, the largest attendance at any of the sectional 
meeting banquets. President Harper acted as toastmaster, introducing the 
speakers of the evening. 8S. M. Havens, past director of the society, presented 
a most interesting talk on the subject of 

The Technical Organization in Industry. 

In this talk the speaker discussed the importance of the technicall) 
trained man in the development of the manufacturing industry. He stressed 
the importance of the research and control laboratories pointing out that the) 
are as necessary as the foundry, the forge shop and other direct production 
departments. 

The second speaker was Dr. Max Mason, president of the University of 
Chicago, who presented a masterly address on the relationship of science to 
industry entitled, 

Formalism and the Deeper Insight 
Dr. Mason traced the development of science throughout the ages and the 
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mportance of the scientific mind in the development of the world and in 
lustry. He discussed the effect of the many great scientific discoveries that 
ave been made from age to age, and how each of these discoveries have 
iffected the lives of all mankind. 


On Friday, May 20, two technical sessions were held, one at 10:00 a, m, 


and the second at 7:00 p. m. Each of these sessions was very well attended 


and interesting. Instruetive discussions followed the presentation of each of 


the papers. The papers presented in the morning are as follows: 

Heat Treatment of Wrought Aluminum Alloys of High Strength, by R. 8S. 
\rcher, research bureau, Aluminum Company of America, Cleveland. 

Application of Theory to Practice in Heat Treatment of High Speed Steel, 
by R. M. Sandberg, assistant manager, Columbia ‘Tool Steel Company, 
Chicago Heights, Illinois. 

The papers presented in the evening were: 

Case Carburization of Steels by Means of Salt Baths of Low Cyanide 
Concentration, by H. B. Northrup, J. W. Kelley Company, Cleveland, 

Processing Welding Wire and Its Effect on the Flow of Welding Metal, 
hy J. B. Green, research department, Chicago Steel and Wire Company, 
Chicago. (Illustrated with stereopticon and movies. ) 

Professor H. M. Bolyston acted as chairman of the morning session and 
\. H. d’Areambal of the evening session. 

Plant inspection trips were arranged with practically all of the manu 
faeturing plants of interest to members of the society, and the society is in 
debted to the officials of these plants for their courtesy in acting as hosts. 

The members and officers of the Milwaukee Chapter are to be congratulated 
for having so successfully carried through the innumerable details connected 
with the successful conduct of one of the best sectional meetings ever held by 


the society. 


A NEW CHAPTER 


(> Thursday evening, May 26, 1927, the inauguration of the 35th chapter 
of the society took place in the club rooms of the Canton Club, at Canton, 


Ohio. This new chapter is to be known as the Canton-Massillon Chapter and 
starts its career with 121 members, the largest initial membership of any 
A. 8. 8. T. chapter. 

The formation of this chapter was the culmination of a general ideal on 
the part of the members of the society living in the area comprising the cities 
of Canton, Massillon, Alliance and Akron, that they wanted a chapter in that 
district. Therefore, an organization committee was chosen, being made up of 
lL. D. Gable, Chairman; Robert Sergeson, Secy.; Committeemen, KE. C. Smith, 
T. W. Hardy, F. F. Dore, D. D. Reed, W. S. Carnes and M. H. Schmid to in 
vestigate the possibilities of a chapter in the Canton-Massillon distriet. As a 
result of their efforts, the committee decided that there was a sufficient de 
mand for such a chapter, and so petitioned the national Board of Directors 
for a charter. Following the granting of a charter on April 20th, the follow 
ing men were nominated and in turn elected by letter bailot. The officers and 
committees are as follows: Chairman, M. H. Schmid; Vice-Chairman, EF. W. 
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Hanna; Secy.-Treas., Robert Sergeson; Executive Committee, E. C. Smith, | 


I’. Dore, L. D. Gable, T. W. Hardy, C. E. Woodfeld, P. M. Snyder, W. 
Lindsey and D. D. Reed. 
On May 























26 the Canton-Massillon Chapter held its opening meeting, 














whieh time 150 members and guests assembled in the elub 





rooms of thy 





Canton Club for a dinner meeting. Following the dinner, Chairman Sehmiv 











introduced President J. F. Harper, who in turn presented him with the ehart: 








for this chapter. 





After introductory talks by Past President W. 8S. Bidle 
W. H. Eisenman, Dr. 





and Secretary 
Zay Jeffries presented a paper entitled ‘‘The Metals of 
Industry.’’ This paper was indeed most interesting and 














instructive, an 








was thoroughly enjoyed by all who had the privilege of hearing it. Dr. 





Jeffries diseussed in a clear cut way the 





advanees which have been made i: 








the science of metals and pointed out that many new alloys will be developed 








in the future for the benefit of mankind. He ealled attention to the fact that 





a number of the members of the society contributed no small part in the devel 





opment of suitable alloys and heat treatments which resulted in the suecessfu 
flight of Captain Lindbergh across the Atlantie Ocean. 


About 25 members of the Cleveland Chapter attended this initial meeting 


of the Canton-Massillon Chapter for the purpose of 




















showing the good will 
which exists in the Cleveland Chapter toward the newly formed one. Nearly 











50 per cent of the members of the Canton-Massillon Chapter were originally 





members of the Cleveland Chapter, thus depleting the roll of the Cleveland 
Chapter by a considerable number, 





However, the officers and members of th: 
Cleveland Chapter were unanimous in their approval of the formation of this 








new chapter, even though it did reduce the membership standing of the Cleve 





land Chapter to that of 5th place. This was expressed in a short talk by IH. 
H. Smith, Chairman of the Cleveland Chapter, and 








also by the following 
letter which was directed to the Canton-Massillon Chapter from the officers and 











members of the Cleveland Chapter and signed by Secretary J. S. Ayling: 

‘*The-Cleveland Chapter through its officers have instructed thy 
writer to express to the officers and members of your new organizs 
tion their best wishes and heartiest congratulations on the founding 
of your Chapter. 














‘Although many of your members formerly were listed with 
Cleveland, yet we all feel the organization of your new Chapter will 
be of great benefit both to the National Society and to yourselves as 
individuals, 

‘*Your members should be able to attend regularly without th: 
inconvenience of traveling so far and subjects ean be seleeted for 
your papers and talks which may be of greater interest to your mem- 
bers than is possible with a seattered membership. 

‘*Much as we regret the loss from our Chapter of such fine fel 
lows yet we are very pleased to repeat that we are sincere in extend 
ing our heartiest best wishes for a very successful organization. 

‘*We trust you will prosper and grow rapidly as a part of thi 
most successful society that we believe has ever been organized.’’ 









































With this auspicious start the Canton-Massillon Chapter bids well to be 





one of the outstanding and progressive factors in the growth and development 
of the Society. 
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News of the Chapters 


STANDING OF THE CHAPTERS 


ae the month of April there were 143 new and reinstated members, 


while 58 were lost through arrears and resignations, leaving a net gain 


for the month of 85 as compared with a gain of 88 last month and a gain of 
122 in April of last year. 
In the following tabulation there appears the relative membership standing 


of the 30 chapters and 3 groups of the Society as of May L. 3037. 


GROUP 1] GROUP II GROUP TI 
|. Detroit #29 1. Hartford 88 1. Los Angeles is 
Chicago 106 2. Milwaukee 383 2. New Haven 71 
Philadelphia 346 3. Lehigh Valley 125 3. Tri City 75 
i. Pittsburgh 538 4. Golden Gate 116 4, Washington 70 
5. Cleveland 333 5. Indianapolis 96 5. Rockford 66 
6. New York P81 «6. Cincinnati 95 6. Southern Tier 63 
7. Boston 258 7. Montreal 94 7. Rochester 60) 
7. Dayton 94 7. Toronto 60 
9. Syracuse 90 7. Worcester 60 
10. St. Louis 86 10. Providence 54 
11. Buffalo 62 11. Schenectady 15 
12. North West 55 12. Fort Wayne 44 
13, Springfield 32 
14. Columbus 32 


Group I—There has been another rearrangement in this group. Cleve 


land suffered a loss of 67 members last month due to transfers to new groups 
and chapters, which places them in position No. 5, in close 


proximity to 
Philadelphia and Pittsburgh. 


Four of the chapters in Group I showed gains 
for the month, while Philadelphia and Cleveland showed losses. 

Group Il—Hartford still leads the group with the same membership as 
last month. Milwaukee shows an increase and is gradually climbing toward 
the top and has hopes of overtaking Hartford’s lead. Lehigh Valley, Golden 
Gate and Indianapolis have positions 3, 4 and 5, although all of these chapters 
showed slight losses for the month. Cincinnati by experiencing a gain dis 
placed Montreal from 6th place. Dayton last month showed 55 members, anid 
now has 94 paid up, which causes it to go into a tie with Montreal. Dayton 
has approximately 20 applications in the office that have not yet paid, which 
will bring this chapter well forward into competition for positions 5 or 4. 
Syracuse, St. Louis, Buffalo, North West occupy the other positions, 

Group I1I—There certainly were some surprises in this group. I 
month we stated that 


sast 
Tri City Chapter were sending in 11 new applications. 
These applications were received, but the applicants had not qualified up to 
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Jun 











May 1, 1927, by payment of their dues. An applicant for membership 

not counted as a member of a chapter until the dues are paid, consequent], 
none of the applicants have as yet been counted to the credit of Tri City, but 
will be later. In the meantime Los Angeles with a gain of 3 jumped into 
position No. 1, with New Haven and Tri City following. Washington and 
Rockford are in the same position as last month. Southern Tier took a big 
jump! This enthusiastic group of cities along the southern border of New 
York got it into their heads that they wanted to be in some place else thar 
No. 10 (as shown on last month’s report), so they sent in 10 applications wit! 
money, and now Southern Tier has 63 members and are occupying 6th place. 


It seems almost impossible to break this ‘‘triple tie’’ that has existed 


for the past several months with Rochester, Toronto and Worcester, all of 
them having 60 members each. Providence, Schenectady, Fort Wayne and 


Springfield are in the same positions as last month while the new Columbus 
Group has 32 paid up, but is expected soon to pass this point and be in com 
petition with position 10. The total membership of the A. S..S. 'T. on May Ist 


was 4609, 





BOSTON CHAPTER 





The annual meeting of the Boston Chapter was held at the plant of 
the United Shoe Machinery Corporation, Beverly, Mass., on Friday, May 6 
1927. This great plant, devoted entirely to the manufacture of machinery 
for making and repairing shoes, consists of sixteen buildings of reinforced 
concrete with floor space of over 21 acres. The manufacturing buildings ar 
1,120 feet long, 60 feet wide and four stories high. A large foundry with 
a daily capacity of 50 tons of castings, and a large drop forge shop acjoin 
the machine shops. Over 2,000 tons of bar steel, consisting of a variety 
of analyses, are carried in stock for use in manufacturing. More than 90,000 
catalogued machine parts are carried in the finished stock room, over 
21,000,000 being shipped from this stock annually. The yearly capacity of 
the plant in new machinery exceeds 24,000 machines. 

A very extensive heat treatment department is maintained for harden 
ing and earburizing machine parts and tools. Sand blasts are used as an 
aid to inspection of hardened work and there are several installations ot 
sand blast machines for this purpose. To prevent rusting in process, stores 
and shipment, the sandblasted parts are immersed in a hot paraffin bath, thx 
excess paraffin being removed by a centrifugal extractor. 

After the inspection trip, the United Shoe Machinery Athletie Associa 
tion extended to the visitors the use of their beautiful club house and 
grounds where baseball, quoits, tennis, bowling and pool were enjoyed fo 
two hours before dinner. The day was ideal and many of the members 
preferred to spend their time on the porches of the club house, where an 
excellent orchestra turned out jazz and otherwise. 

Dinner was served at 6:00 p. m. to 165 persons and the surprise of the 
evening came when National President J. Fletcher Harper, and Nationa! 
Secretary W. H. Eisenman were escorted into the dining hall by A. O 
Fulton, general chairman of the Boston Convention in 1924. The visitors 


were given rather a noisy welcome. A business meeting was held immedi 
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1927 









ately following the dinner and the Secretary’s report showed that the 


assets of the chapter were nearly $2,500.00 and that there had been a gain 





of 10 per cent in membership during the past vear. The following officers 


for 1928 were elected by ballot: 





Chairman: Leslie D. Hawkridge, 





Vice-President Hawkridge Brothers Co., Boston. 





Vice-Chairman: Harrison B. Parker, 





Foreman Heat Treating Dept., Trimont Mfg. Co., Roxbury. 





Secretary-Treasurer: Howard E,. Handy, 


Metallurgist, Saco-Lowell Shops, Lowell, Mass. 
s ps, 








After a few words of greeting from President Harper and Secretary 





Kisenman, Past Chairman Vv. &. Homerberg Vave a brief outline of the 
_~ ; 





educational course in metallurgy to be conducted by the Boston Chapter at 





Technology this coming winter. An address of welcome by G, T. Thomas, plant 





superintendent of the United Shoe Machinery Corporation, was followed by 





i half hour talk by Major Charles 'T. Cahill, of the same organization, who 





vave a brief history of shoes and the machinery for making them, This 





talk was especially interesting as almost all of the important developments 





of shoe making have originated in the immediate vicinity of Boston, 





The principal speaker of the evening was J. ©. Kielman, assistant 





superintendent of the forge department of the New Departure Manufac 





turing Company at Bristol, Conn., who presented a talk entitled, ‘‘ Forging 
hy the Upset Method’’, 


forgings used in the manufacture of ball bearings and was fully illustrated 





Mr. Kielman’s talk concerned prineipally the 






with lantern slides. The ball race steel and its peculiarities, as well as 
A portion of the talk was devoted 





the method of forging, were discussed, 





to an explanation of the upsetting process and how it applies to the manu 





facture of ball bearing races, its advantages being shown and compared 





with other methods of forging. The problems of forging dies and the steels 





used in making them were dicussed, the importance of their proper heut 





treatment being emphasized. The design of the heating furnaces and 





methods of upkeep and repairs were described in detail. After the discus 





sion Mr. Kielman was given a rising vote of thanks. 





The program of the day was under the general direction of L. D. 





> 


Hawkridge and H. B. Parker. They were ably assisted by W. R. Hurd, 2nd, 
A. L. Collier and P. R. Bosworth of the United Shoe Machinery Corpora 


tion. The visitation will be long remembered by those who attended and 






the officers and executive committee of the Boston Chapter wish to express 





their appreciation for the wonderful reception given the chapter by the 





officials, and the whole organization, of the United Shoe Machinery Cor 
poration. H. Ek. Handy 


CHICAGO CHAPTER 











The closing technical meeting of the year was heid at the City Club, 
May 12, 1927. Mr. R. J. Allen, metallurgist with the Rolls Royee Com 


pany of America, presented a paper on ‘‘Inspection and Testing of 






Materials as Used in the Automobile’’, illustrated with slides. The paper 
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was so well given—that when Mr. Allen got through—there was very 


little discussion. The following officers were elected for the coming year: 
Chairman, T. E. Barker, Accurate Steel Treating Company; Vice Chair 
man, A. M. Steever, Great Lakes Forge Company; Secretary-Treasurer, 
A. G. Henry, Danly Machine Spec., Ine. 

Members of the Executive Committee are: A. W. Anderson, Claud 
S. Gordon Company; Walter Dant, Pullman Manufacturing Company; 
S. A. Richardson, Interstate Iron & Steel Company; C. N. Rutledge 


Columbia Tool Steel Company; W. A. Scheuch, Western Electric Company. 


CINCINNATI CHAPTER 


S. P. Rockwell, inventor of the Rockwell Hardness Tester and the Rock 
well Dilatometer, spoke before the Cincinnati Chapter of the American Society 
for Steel Treating on the evening of March 10, on the Volecrit method for heat 
treating steel. This method consists in measuring the change in the length 
of the piece of steel as it is heated to the hardening temperature, As the steel 
passes through its allotropic changes a dimensional change occurs which is 
clearly shown on the expansion-time curve. 

Mr. Rockwell presented a number of charts showing the expansion curves 
typical of a number of carbon and alloy steels. In a number of cases the 
effect of the alloying elements on the shape of the expansion curve was very 
definite, and in all cases the end of the critical range was clearly shown, giving 
a very definite indication of the lowest quenching temperature that would give 
full hardening. 

A number of installations of the Volerit equipment on furnaces of various 
types were shown. The application of this method to hardening certain types 
of tools, gears and dies was described. 

The meeting closed with an interesting discussion regarding the application 
of the Dilatometer to specific problems. 

At a special March meeting of the Cincinnati Chapter, Dr. William Blum, 
in charge of the electrochemical division of the Bureau of Standards, addressed 
a joint meeting of the American Society for Steel Treating, American Society 
Mechanical Engineers, American Chemical Society and the Cincinnati Engineers 
Club on the evening of March 24, the subject being ‘‘ Chromium Plating.’’ The 
utility of chromium plate on various classes of tools, dies and gages was 
pointed out as well as the limitations of chromium, 

On printing plates, chromium has proved very valuable, the life of the 
plate being greatly increased, while the quality of the resulting impression 
is materially improved. Chromium plated gages may be used indefinitely. 
They give long service before wearing undersize and when worn may be 
deplated, replated and lapped to size again. Chromium is very useful on 
draw dies due to the absence of any tendency of the metal being drawn to 


stick to the die or for the die to score. On certain dies used for coining nickels, 


the life of one part of the coining die was increased about five times by the 


application of .0005-inch of chromium, 
The standard plating bath consists of chromic acid, chromic sulphate and 
a small amount of chromium carbonate. The bath is preferably operated at 
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legrees Cent. The current density and the temperature must be accurately 
trolled for satisfactory results. KE. M. Wise. 
W. P. Sykes, metallurgist of the Cleveland Wire Works of the National 
mp Division of the General Electric Company and chairman of the Cleve 
d Chapter of the American Society for Steel Treating, spoke on the even- 
of April 7, describing his work on the lron-Molybdenum system. 
Certain of the alloys of this system show marked age hardening afte. 
enching from about 1400 degrees Cent. and aging in the vicinity of 650 


grees Cent. which renders them very valuable for swaging dies for hot 


swaging tungsten and molybdenum. After quenching and before aging the 


per cent Mo alloy is soft enough to be machined to form, After aging 
ie Rockwell hardness will approximate 63 C, This hardness will be retained 
1 many hours at temperatures causing the rapid softening of high speed 
teel. It has been found that the life of a hot swaging die of this material 
about 50 times that of the best high speed steel. 
Molybdenum alloys containing small amounts of iron also show age 
irdening and are used for draw dies for drawing tungsten wire. 
These alloys are interesting examples of the general phenomena of age 


hardening and are indicative of the trend of metallurgical advance, 
News of the Evening Course in Metallurgy 


In line with the national policy of the American Society for Steel Treat- 
ng of encouraging adult education, the Cincinnati Chapter of the American 
Society of Steel Treating investigated the possibilities of establishing even 
ing courses in metallurgy and heat treating for the benefit of the men who 
re employed in metallurgical industries in Cincinnati. Upon investigation, 
it was found that evening courses could be given as a part of the regular 
work in the evening school of the college of engineering and commerce of the 
University of Cincinnati. Accordingly, the local chapter sponsored the estab 
ishment of courses in metallurgy and heat treating and activity co-operated 
in placing the advantages of these courses before those who might be inter 
ested. The work of the educational committee deserves much credit. 

During the first semester a course in general metallurgy was offered. This 
‘ourse included a discussion of the properties of metals, furnaces, fuels and 
refractories, a discussion of pyrometry, and of the metallurgy of iron and 
steel. Wherever needed, a review of the fundamental principles of chemistry 
and physics was introduced. For the work of the first semester there were 
no pre-requisites. The course was open to any who might care to attend. 
The course as given included numerous lecture demonstrations and a liberal 
use was made of lantern slides. Eighty-three men registered for this course, 
oming from forty-five different companies. Of this group of men, about 
fifty per cent were executives, draftsmen, chemists, ete., while the other 
fifty per cent were skilled workmen. A course of sixteen lectures was given, 
each lecture period lasting one hour and a half. The class met in the 
Chemistry Building at the University of Cincinnati at 7:30 p. m. on Wed- 


nesday evening. 
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During the second semester, a course in heat treating was offered. 
order to take this course, the student was required to have taken the eo, 


in general metallurgy mentioned above or to have equivalent training. 


subject matter of the course embraced elementary physical metallurgy and 


of the other subjects given in a heat treating course. The class met at 6 
p. m. on Wednesday evening. Lectures were given from 6:30 to 8:00 


laboratory work from 8:00 to 10:00 p. m. The metallurgical laboratories 


Evening Class in One of the University Laboratories. 


the University of Cincinnati are among the best equipped in the United 
States, and adequate facilities were available for laboratory work. Thi 
course embraced sixteen lectures and laboratory periods. A class of forty 
seven men registered. Many of the men who took the course in the first 
semester were interested only in general metallurgy. Practically all of those 
who were interested in heat treating enrolled for the second semester, and 
few who bad not taken the first semester’s work also enrolled. 

The regular lecturer during both semesters was Dr. G. M. Enos. During 


the first semester, two special lecturers were brought in and the class thrown 


cl 


open to the publie on these two evenings. During the second semester, thie 
staff of instruction consisted of Dr. Enos, in charge, Professors MeDufli 
and Bradley. There were also employed a librarian, a laboratory assistant, 
and a mechanic. With this staff, it was possible to give very thorough and 
personal instruction. The work has been so successful that it is planned to 
offer additional courses during the coming year, as well as to offer again 


the same courses as were given during 1926-27: These new courses will em 
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ace a course in advanced heat treating and metallography and possibly 


uurses in foundry practice and electro-metallurgy. 
Among those members of the local chapter who deserve especial credit 


their work in promoting the courses are:—W. R. Klinkicht, our chair- 
an, and A, J. Lueas, the vice-chairman. Many members of the Society 
ok a personal interest in the work and also a considerable number of the 


wal chapter registered for the course. 


COLUMBUS GROUP 


Friday, April 29, marked the installation of a new group at Columbus, 


Ohio, with an initial membership of 45 members. Of this number 7 are of the 


sustaining class, evidence of the splendid support given by the industries of 
the community. 


Prof. J. O. Lord and G. S. MeFarland saw the possibilities of a group 


in Columbus. W. H. White had laid the foundations by the nueleus he had 


built in Columbus as an adjunct of the Cleveland Chapter. At a request to the 
National Office, Hl. Kenneth Briggs, assistant secretary, spent some time in 


Columbus assisting in the prelim’ nary work. 

The first meeting at the Neil House was attended by more than SO guests 
and members. Prof. Lord, chairman of the organization committee, gave a 
brief outline of the fo:mative period. The new officers were then elected. Mr, 
Kisenman gave an interesting history of the Society, outlined its aetivities, and 
presented the charter. 

After the preliminaries, J. A. Suceop of the Heppenstall Forge and Knife 
(ompany presented some films entitled, ‘*The Story of the Die Bloek.’’ The 


pictures and Mr. Suecop’s very interesting and useful talk were well received, 


Those present kept Mr. Suecop talking and answering questions until nearly 
train time, 


The May meeting was announced for Tuesday, May 24, when FF. FE. Palme 
of the Carpenter Steel Company will talk. 

The newly elected officers are as follows: chairman, G, S. MeFarland, 600 
Joyce Realty Bldg.; vice-chairman, S. Z Krumm, Buckeye Steel Castings 
Company; secretary-treasurer, G. D. Moessner, Buckeye Steel Castings Com 
pany. Exeeutive Committee: Prof. J. O. Lord and Prof. John Younger of Ohio 
State University; R. T. Dawson, Jeffrey Manufacturing Company; EK. B. Furry, 
Ralstone Steel Car Company; R. E. Christin, Columbus Bolt works; H. B. 
Kinnear, Marion Steam Shovel Company, Marion, Ohio; B. C, Thiel, The C. & 
G. Cooper Company, Mt. Vernon, Ohio. 

The fine attendance and the enthusiastic reception of the first speaker 
indieate the fine spirit of the Columbus Group. These things make for its 
SUCCESS, 


DAYTON CHAPTER 


The May meeting of the Dayton Chapter was held on Monday evening, 
May 16, in the auditorium of the Engineers’ Club and was attended by 135 
members and guests. At a short business session it was decided to hold 
a get-together and get-acquainted dinner in June. 
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ki. C, Smith, assistant general superintendent of the Central Alloy St: 
Company was the speaker. In the first half of his talk, which was ill 
trated by slides, he discussed the manufacture of high grade alloy ste 
starting with the method of charging the open-hearth furnace, working a: 
pouring the heat, breaking the ingots down into blooms and billets, 
rolling the semi-finished material. 


al 


The discussion that followed this first half of his talk centered arouw 
the production of high quality alloy steels. Mr. Smith brought out th: 
advantages of the big-end-up ingot for minimizing pipe and segregatio, 
By the use of the big-end-up mold of the proper design, together with a r 
fractory sink head, the pipe and its accompanying segregated area, instead oft 
being a pencil-shaped cavity far down into the body of the ingot, is brought 
up into the upper 20 per cent of the ingot where the unsound material ean 
be cropped and scrapped with a minimum loss. 

Finishing temperatures for rolling alloy steels and their effect on th 
quality of the steel were also discussed. 

The second half of the address was on alloy steels. In starting hi 
diseussion Mr. Smith defined alloy steels and the various major groupings, 
i. e., the nickel, chromium, chromium-nickel, ehromium-vanadium, ete. Tak 
ing each group, the speaker called attention to their advantages and dis 
advantages. He brought out the fact that there is no ideal alloy steel, 
but there is an alloy steel which is best for each purpose. 

The speaker brought out the effect of the alloying metal on the stee! 
for example, the effect of vanadium on grain size, and the excellent cai 
burizing properties of nickel and nickel-molybdenum steels. The moly) 
denum alloy steels were discussed at length especially concerning the rela 
tive ease of machining them after heat treatment. 

Among other interesting details brought out by the speaker was a com 
parison of carbon and chromium steels for carburizing, the necessity of 
care in heat treating carburized objects, the characteristics of water and 
oil hardening steel as regards distortion and change of length in heat 
treatment, the advantages of liquid baths for heating for hardening as 
compared with the lead pot and electric furnace, 

A lively discussion followed the second half of the talk. 
Fa oe 


Sisco, 





GOLDEN GATE CHAPTER 


The Golden Gate Chapter did not hold its regular March meeting due to 
the fact that every effort was being used to make a success of the eccurse in 
heat treating which was started at the Oakland High School on March 8. The 
school has proven very successful, having an attendance ranging from 60 to 100 
members. 

The April meeting was held on the 15th of the month at the Engineers 
Club, San Francisco, and proved to be one of the most interesting and best 
attended meetings of the chapter. Eighty-five attended the dinner and 125 
the meeting which followed. This is the largest recent attendance the chapter 
has had except for the special meeting which was held at Stanford in Februar) 
at which there was a total attendance of over 250. 
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Fred Wight was chairman of the evening and he introduced T. W. Brooks, 
ssistant sales manager, tube department of the United States Steel Products 
ympany. Mr. Brooks gave a complete presentation of ‘‘ Wrought Pipe from 
re to the Finished Product.’’ This was vividly presented by means of a num- 
er of reels of moving pictures accompanied by explanatory remarks, 

I’, G. Harmon, technical engineer, in the research department of the 
‘ational Tube Company, further developed the subject presented by Mr. 
trooks by delivering an instructive talk on ‘‘Corrosion.’’ This second address 
y Mr. Harmon was in a way a supplement to a previous lecture which he gave 
mn the subject of ‘‘Corrosion’’ sometime ago before the Golden Gate Chapter. 
(he very severe condition of corrosion existing on the Pacifie Coast has war 
inted the Golden Gate Chapter investigating this subject in detail. 

C. R. Owens. 
LEHIGH VALLEY CHAPTER 


The April meeting of the Lehigh Valley Chapter was held on April 

1927, at the Elks Club in Phillipsburg, N. J., as a chapter dinner 
meeting, at which we had present 260 people. The idea of a chapter 
dinner meeting is a new one for Lehigh Valley and the turnout we had 
was most gratifying, and indicates that a dinner such as this, two or 
three times a year, would be appreciated and heartily backed by our 
entire chapter. 

The number of men at this meeting, who are not members of our 
Society, is an indication that our chapter is getting more attention and 
thought than we realized. No membership drive was made at the meeting 
to obtain new members, but we feel that this contact will eventually 
bring to us more men who formerly have not displayed any particular 
interest in our meetings. 

The program of the meeting included an address by Major R. A. 
Bull, research director of the Electric Steel Founders Research Group 
on the subject of ‘‘Steel Casting’’. Major Bull’s address covered the 
early history of steel casting and the development of this product to 
its present day high standard. The subject was covered in detail from 
a historic standpoint, and the production figures quoted by Major Bull 
were of interest to all, indicating the rapid growth of electric steel casting. 

Another feature of our program was the showing of two (2) films, 
recently released by the E. I. Dupont Company, and loaned to the chaptei 
for this occasion. The first film showed the manufacture of dynamite, 
and the second the building of New York’s newest subway. This being 
a current topic was of much interest to the crowd, and we feel no hesi 
taney in heartily recommending these films to any chapter which might be in 
terested along these lines. 

The Lehigh Valley Chapter felt particularly fortunate in having 
with them their old friend and past president, ‘‘Bob’’ Bird. Mr. Bird 
was only one of a number of outside men who came to Phillipsburg to 
attend this meeting. We cannot help but feel that the presence of mem 
bers from other chapters is an indication of the wide-spread interest held 
by our Society in this locality. J. H. Stott. 
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LOS ANGELES CHAPTER 





Another plant visitation on March 12 gave the members and prospecti 


members of the Los Angeles Chapter an opportunity to see how the Ems 


Los Angeles, Calif., carries on its ¢ 
tensive business in the manufacture of steel oil derricks and oil 
equipment. 





Derrick and Equipment Company of 






well drillir 


Through the courtesy of William Parker, plant superintendent, arrang: 
ments were made for 





a Saturday afternoon visit while the entire plant was 
in operation. 







This arrangement gave most every member of the chapt: 
aun Opportunity to be on hand, resulting in a very good attendance. 
Starting in the machine shop, the visitors were shown many of the pro 


cesses used in the making of drilling equipment. Following this the route le 


through the light and heavy forging shops where much of the raw materia 
is formed for the subsequent machine work. 







Through large storage yards 
filled with large stocks of material ready for immediate shipment and larg 
quantities of raw stock, the visitors were next taken to the fabricating shops 
sheet rolling and welding shops. The galvanizing plant, the largest on th 
Pacific Coast, was next visited. Enormous quantities of derrick frame parts 
are here treated and galvanized to withstand the climate in any part of th 
world, 







Last but not least was the heat treating plant, up to date in every 1 


spect with fine furnaces, oil baths, recording and testing instruments, li 





spite of almost continuous operation for some time past, this department 





was as clean and orderly as a new room. 


Mr. Fisher, head of this department, and _ his 





assistants were present 





to receive the visitors and answer questions. Much interest was displayed in 
this and all other departments, and after a vote of thanks to Mr. Parker and 
the group leaders, the visitors left the plant feeling that the plant inspection 
was one of our most successful meetings. 








The April meeting of the Los Angeles Chapter was held April 12, at the 
Los Angeles Crty Club, at which time the 45 members and guests present en 


joyed a good dinner. We, of the Los Angeles Chapter, feel fortunate when 





we have a big man from the steel business in the east address our chapter. 





At this time we were honored by having as our guest ‘‘Bob’’ 






Shimer, 
metallurgist for the Bethlehem Steel Corporation. Mr. Shimer confined his 
talk to ‘‘Modern Phases of Metallurgy’’ which all present found very interest 


ing. After his talk, a very interesting discussion ensued, ‘‘Bob’’ standing up 





under a barrage of rapid-fire questions from the listeners that 
tested the metal of the best of them in the game. 


would have 








EK. C. Black. 
MILWAUKEE CHAPTER 


The Milwaukee Chapter held its last monthy meeting of the season on 
Monday, May 16, at the Republican Hotel. The dinner at 7 o’clock was 
attended by 30 and the attendance for the meeting was about 80. The 
speaker of the evening was David MeLain, President McLain’s System, Inc. 







Mr. MeLain gave a paper on the use of steel and scrap iron in the blast 
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rnace and its resultant effect on the pig iron produced. Some thirteen 





ments existing in pig iron which are rarely ever considered when making 





prospect) 





analysis, as well as the grain structure, were mentioned by Mr. McLain. 





the Ems 





ay iron and semi-steel foundry practice, mixtures and cupola operation 





On its ( 


ell drilli; ere also touched upon. The many questions and much discussion were 






idence of the interest in iron foundry practice. 





One paramount discussion was ‘‘the effect of varying percentages of 





t, arrang; 





teel on the total earbon present in the iron after passing through the 





plant was 





elting zone, out of the cupola tap and into the ladle’’. Mr. MeLain’: 





he chapte 





swer to this was, as many of us have experienced, that there was no differ 





ce in the amount of total carbon present due to any precentage of steel 





tf the pro 


e route le 






sed in the cold charge, but that the construction, operation of the cupols 





ud temperature were the controlling factors in this connection. 
J. Fletcher Harper, President of The American Society for Steel Treating 





W materia 





mage yards 






vas present and he gave us some interesting information concerning the 





and larg; 





manner in which the visitors and members attending the Sectional Meeting 





Ling shops, 





vill be entertained, 
Milwaukee Chapter wishes to express its thanks and appreciation to 


‘ir. MeLain for his very interesting talk. M. BE. Greenhow. 
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NEW HAVEN CHAPTER 


Well! Thursday, May 12th, was surely another big day for the New 








every re¢ 





ents, ly 





Haven Chapter. It was predicted last fall that our get-together dinners 





epartment 





vere so well attended as to warrant holding them monthly and from the 
crowd present in Waterbury on the 12th, I should say the prediction was 
well founded. 

After having the inner man well satisfied, we journeyed over to the 





ec present 





splayed in 





arker and 





office building of the Chase Companies where the first speaker of the 
evening, Dr. Colin G. Fink, of Columbia University, spoke on ‘‘Chromium 


Piating’’, and it is the writer’s opinion that from the number of questions 





inspection 






12, at the 


resent en 


asked, the subject was one that seemed to interest everyone present very 






keenly. The speaker showed some very interesting specimens of chromium 





ate when 





lating and it was indeed to be regretted that he had to eatch an early 
} £ 5 ‘ 





chapter. train. 


The next order of business was the report of the Nominating Com- 





Shimer, 





ifined his 





mittee by the Chairman, R. 8. Young. The following were then elected 






interest 





for the ensuing year, viz.:— 

Chairman:—W. Paul Eddy, Jr., Geometric Tool Co., New Haven. 

Vice Chairman:—Harold Fish, Ready Tool Co., Bridgeport. 

Secretary:—F. E. Stockwell, Standard Oil Co., of N. Y., New Haven. 

Treasurer:—Walter G. Aurand, R. Wallace & Sons Mfg. Co., Walling 
ford, 

Those elected for the Executive Committee are:—R. L. Baldwin, 
Bridgeport; T. H. Chamberlain, New Haven; R. G. Hall, Wallingford; 
J. T. Kemp, Waterbury; H. G. Keshian, Waterbury; G. ©. Thomas, Bridge 





nding up 





uld have 






Black. 







PAaSON On 





ock was 
0. The 
em, Ine. 
he blast 







port. 
Delegate to National Nominating Committee:—C. J. Sauer, Bridge 
port, with F. E. Stockwell, New Haven, as alternate, 
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The new chairman has appointed the following as additional membh 
of the Executive Committee, viz.:—F. J. Dawless, New Haven; W. 
Duley, New Haven; A. Phillips, New Haven; A. J. Porter, Jr., Bridgepo: 
C. J. Sauer, Bridgeport; R. 8. Young, Shelton. 

After the election of officers, our ever congenial National Secreta: 
‘*Bill’’? Eisenman, gave his usual interesting talk, telling us about t! 
progress of the society and the next national convention in Detroit. 

The attendance prize donated by Julius Brooks of the Sargent Con 
pany, New Haven, was won by J. C. Bradley of the American Bra 
Company, Waterbury. 





gt 










The attendance at the Waterbury meeting was the best of the yea: 
and we were indeed glad to see so many of our old friends from Hart 
ford with us once more, but indeed sorry to have d’Arcambal ‘‘sat on’ 
so much. Better luck next time, d’Are. 

The writer is too full of details of the June Frolic to write muc! 
this month, but promises more the next time. Meet me at Savin Rock. 
Walter G. 












Aurand, 





NORTHWEST CHAPTER 


The April meeting of the Northwest Chapter was held April 19, at which 
H. I. Wood of the Wyman-Gordon Company of Harvey, IIL, 





gave a talk 
on drop forgings. Mr. Wood first traced the development of the drop forging 
industry in this country in which he brought out the fact that the World War 
and the modern production of the automobile were the chief factors in 
bringing the industry to the position it now holds. Although there was a 
great depression in 1920 and 1921, at the present time all the factories that 
are using the improved modern methods are able to show fair profits every 
year. Those factories, however, which are still using the old methods 
slowly losing ground. 








ar? 






















Mr. Wood then discussed the problems confronting the drop forger. On« 
of the most important of these is the selection of the proper steel. Th 
chief properties a steel should have are: 

lorgability; large heat treating range; readily available; freedom from 
defects such as pipe, segregations, snowflake and woody structures, sonims 
in excess, and internal ruptures; good machinability; price. 

In regard to machinability the hardness can not be used as a test to decide 
whether or not the steel has good machining properties. The original pric 
of the steel is not of chief importance, but consideration should be given to 
the cost necessary to produce the same quality product with different steel. In 
this way a steel having a higher original cost might prove to be the cheaper 
in the finished product. 

The design of the dies and the parts is of next importance and should 
be such as to produce the best product at the lowest cost. Deep etching by) 
means of 50 per cent HCl is used to check up the stress lines in the forgings 
In all cases to get best results the stress on the parts should be perpendicular 
to those stress lines. 

The heating of the steel for forging has to be carefully controlled in 
order to turn out a good uniform product. The greatest difficulty is to get 
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the steel to the proper temperature and avoid scaling. ‘The first of these is 
iecomplished by having the furnace under automatic temperature control so 
is to eliminate the human element entirely. By use of the automatic tem 
perature control the company was able to increase the production 50 per 
cent, decrease the oil consumption in the furnace 6 per cent and get a better 
product. The great saving with the automatic temperature control furnace 
was not in the fuel consumption but in increasing the production and quality. 
The furnace acted as a pace-setter for the men. In order to avoid scaling, a 
recuperative type furnace is used which admits the air in a preheated condi 


tion making it possible to g 


get combustion without very much excess air and 
thus cut down the amount of sealing. 

The steel to be forged should be of the proper size to avoid excess material 
which would produce large flash. This excess material is very hard on the 
dies and is an extra expense as it has to be removed. The loss due to excess 
material was cut down from 30 per cent five years ago to 18 per cent at the 
present time. For hot trimming this flash, stellite seems to give the best results 
while chromium-vanadium steel is best for cold trimming. 

After forging and trimming the parts are twisted or bent to the required 
shape and then heat treated so as to obtain the desired physical properties. 
The final heat treatment is done entirely in electric furnaces with automatic 
temperature .control which eliminates the human element entirely and pro 
duees a uniform product. Each piece is quenched individually and the quench 
ing medium should be selected so as to give the properties desired with the 
minimum amount of distortion and cracks. Mr. Wood brought out the inter- 
esting fact that in his experience, in order to get consistent results, the heat 
treatment should be governed by the steel mill rather than by chemical analyses. 
In other words, two different heats may have the same chemical anlaysis but 
would not give the same properties with the same heat treatment. 

After heat treatment, the parts are inspected 100 per cent for Brinell 
hardness, surface defects after sand blasting, angularity and finish. About 
30 per cent of the steel is analyzed chemically before it is used to make sure 
that it has the proper composition. 

L. J. Weber, 


PHILADELPHIA CHAPTER 


Steel Treating Class Demonstrates Work 


Modern methods in the study and treatment of steel were demonstrated 
at the third annual exhibit given by the co-operative evening class in heat 
treatment and metallography of steel, conducted under the auspices of the 
Phila. Chapter, American Society for Steel Treating, at Temple University, 
on May 19th and 20th. There was a large attendance of technical and prac 
tical men from local industries. 

In point of equipment, the metallurgical laboratory now ranks among 
the best in the country. More than 200 students have attended this course, 


the present year’s enrollment having been 55, with 10 in the advance class, 
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An alumni association, including students of the past six years, was 
founded at a recent meeting. 

Cooperative research with Philadelphia industries, in the solution of 
metallurgical problems involving annual losses of many thousands of dollars. 
was a special feature of the season’s work. 

New equipment to be added to the laboratory next fall includes an A jax. 


Photograph of Those Attending the Organization Meeting, Alumni Association, Course in 
Heat Treatment and Metallography of Steel, Under the Auspices Philadelphia Chapter, 
A. 8. S. T. at Temple University, May 16, 1927. 

Rear row (standing) left to right: James R. Adams, Chairman elect, Philadelphia 
Chapter; M. M. Kennedy, Instructor and member Educational Committee; A. MacLean, Jr., 
Chairman, Alumni Association; W. B. Coleman, Chairman, Philadelphia Chapter; Dr. James 
H. Dunham, Dean, Temple University; Dr. F. W. Tyson, Chemistry Department, Temple 
University ; H.C. Knerr, Director of Course; J. P. Brown, Chairman, Educational Committee, 
Philadelphia Chapter; R. M. Berry, Instructor, Vice-Chairman, Alumni Association; A. L. 


Collins, Director Philadelphia Chapter, Member Educational Committee; Theo. Wiedemann, 
Member Educational Committee. 


Northrup high frequency induction furnace, and probably a small are steel 
melting furnace which will greatly broaden the facilities for research. 

As a part of the course, the class recently made a tour of inspection 
through the Midvale Steel works, and also visited the heat treating depart- 
ment of the Wiedemann Machine Co. 

The pronounced interest which this cooperative educational plan has 
aroused among leading industries, and the enthusiastic support of the past 
students, assure an increasing power for service to the community in the 
future. 


PITTSBURGH CHAPTER 


The Pittsburgh Chapter held its May meeting on the evening of the 5th 
at the U. S. Bureau of Mines. 
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A dinner was served at 6:30, after which Mr. H. L. Walker, our former 
Secretary and Treasurer, who has just returned from a round-the-world trip, 
cave an extemporaneous account of his experience which was most interesting. 
He pictured very vividly the present unrest in the Orient. 

At 8 o’elock, Chairman W. H. Phillips called the meeting to order in the 
auditorium. After the routine business was disposed of, the Chapter pro- 
ceeded to its annual election of officers. 


The following were unanimously elected: 


J. P. Gill Chairman 
W. I. MeInerney Vice-Chairman 
H. L. Walker Secretary & Treasurer 


Those elected as Directors are as follows: J. L. Uhler, W. H. Phillips, 
S. L. Goodale, J. A. Aston, C. E. Corson, A. D. Beeken, Jr., W. B. Crowe, FE. 
H. Dix, Jr., W. H. White, H. R. Wade. 

Advisory Director, T. D. Lynch. 

In expressing its appreciation to the retiring officers, the Chapter espe- 
cially thanked H. R. Wade who had served as secretary and treasurer during 
Mr. Walker’s absence. 

Mr. Gill then took the chair, and, after a short speech of acceptance, 
welcomed Prof. W. Trinks of the Carnegie Institute of Technology who read 
a paper on ‘‘The Relation Between Heat Treating and Mechanical Engineer- 
ing.’’ 

The author said in part that: ‘‘ Heat treating is a strictly metallurgical 
process and it might seem that there is no connection between it and 
mechanical engineering. But when we look closely, we discover many points 
of contact. The purpose of this paper is to dwell on these relations and to 
show how interdependent the two sciences really are. 

‘*In the first instance, the heat treated steel products are almost entirely 
used by the mechanical engineer, or in other words in machinery, it being 
understood that mechanical engineering is the science of machinery. Heat 
treated parts enter into automobiles, airplanes, gear drives, typewriters, and a 
host of other machines. 

‘‘As a matter of fact, it was the demand for light weight yet strong and 
almost unbreakable machines that gave steel treating its start. Since the 
demand for heat treated parts came from mechanical engineers, it might be 
surmised that this group of engineers is thoroughly familiar with the proper- 
ties of heat treated steels and with the limitations of heat treating. But that 
supposition is wrong. Comparatively few mechanical engineers are conversant 
With the stresses which treated steels can carry with safety and with the 
effects of mass upon steel treating. This lack of familiarity leads to all 
sorts of errors. 

‘*When it comes to carrying on the process of steel treating, the mechan- 
ical engineer is again very much in evidence with machinery because we must 
save labor in order to produce goods cheaply enough for mass consumption. 
Mechanically inclined inventors have introduced many different types of 
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mechanisms for automatically moving steel pieces through heat treating fyr. 
naces and for batch moving steel pieces through heat treating furnaces and fo; 
batch charging. 

‘*Some of this progress may consist in the application of electrical heat 
and this thought brings me to an important part of this paper, namely, the 
extent to which the mechanical engineer has cheapened electrical energy in the 
last 25 years. Electrical heating is very efficient if we consider the heat jy 
the charge as a fraction of the equivalent heat value of the delivered elec. 
trical energy. It is not nearly as efficient if we consider the overall efficiency 
from the heat in the charge to the potential combustion heat in the coal pile, 
If we figure with 80 per cent efficiency of the furnace, 95 per cent transmission 
efficiency and 3 pounds of 13500 B. t. u coal per kilowatt hour, then we obtain 
an overall efficiency of only 6.4 per cent, which is extremely low. If mechanical] 
engineering had not progressed beyond the 3 pounds of coal per kilowatt hour 
stage, the use of electrical energy in heat treating would be very limited, be- 
cause commodities and processes which are too dear will never be extensively 
used, no matter how many conveniences they offer. An example of the truth 
of this statement was given above concerning the use of alloy steel for an- 
nealing covers in sheet annealing furnaces. But, fortunately for industry, 
mechanical engineers have been hard at work improving boiler combustion, 
heat transfer, raising steam pressures and superheat, improving steam turbines, 
introducing regenerative cycles, air preheaters, and other improvements, until 
today several power plants work with a rate as low as one pound of coal or 
even slightly less. This rate is equivalent to an overall efficiency of 19 per 
cent from heated charge to coal pile. Although this value is nothing to brag 
about, it is acceptable, particularly in conjunction with the reduction of 
labor costs in power plants due to the installation of large units of boilers 


and of steam turbines with automatie control of combustion and with automatie 
lubrication. 


























































































































‘* We are prone to say: If you want to do a thing right, do it electrically; 
but we are apt to forget to give credit to the mechanical engineer who slowly 
but steadily improves conditions in the power plant. 

‘*At this point the question may well be asked: If mechanical engineers 
in the last 25 years have reduced the coal consumption rate from 3 pounds 
per kilowatt hour to 1 pound, can they, in the next 25 years reduce it from 1 
pound to 1/3 pound per kilowatt hour? Since the rate of 1 pound corresponds 
to a thermal efficiency of 25.2 per cent from coal pile to generator shaft, the 
rate 1/3 pound per kilowatt hour would correspond to a thermal efficiency 
of 75.6 per cent. While this latter value is not impossible from a purely 
theoretical standpoint, it cannot be reached, unless we find new materials 
which in a white hot state are as strong as cold steel. To obtain a thermal 
efficiency of 76 per cent by the Carnot cycle, we must send the working medium 
to the prime mover at a temperature of over 1800 degrees Fahr., and we must 
not abstract any heat by water cooling or air cooling until the medium has 
expanded to room temperature by converting heat into work. 

‘In steam power plant practice, further improvement may be expected, 
but it will be slow because still higher pressures and superheats require heavier 
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freating fur. 


aces and f and more expensive construction, which is not justified with the present low 
7 and for ' 


fuel prices. However, it is always risky to prophesy, and power plant engi- 
ectrical heat neering May progress faster than the present trend would lead us to expect. 
namely, the ‘‘Part of the lack of progress — be laid at the door of the metallurgist. 
nergy in the At temperatures above 750 degrees Fahr., most materials, such as steel, and 
the heat in even alloy Steels, begin to creep, that is to say they show a very slow but 
livered elec. steady deformation under load. 

all efficiency ‘* While mechanical engineers have done quite well in cheapening the 
he coal pile generation of electrical energy, they have, thus far, fallen down in the pro- 
transmission duction of a simple all-mechanical temperature control Goviee for heat 
n we obtain treating furnaces. It is true that the one company has for many years 
t mechanical had a temperature control deviee whieh is mechanical with the exception 
ilowatt hour of the thermocouple, but it is not as simple as the more recent electrical de- 
limited. be. vices. Yet, the latter are too complicated and expensive for small furnaces, 
extensively When looking at small, electrically controlled furnaces, one cannot help having 
of the truth ‘he impression that they consist mainly of a big temperature controlling 
teel for an. device and a comparatively unimportant furnace. 

we industry ‘‘With these remarks, I might close my rather brief paper, as far as steel 
combustion, treating is concerned, but I wish to eall your attention to another phase of 
im turbines, heat treating which carries the work of steel treating another step further. 
ments, until | refer to the nent treating of sluminum alloys. For pistons and connecting 
Cae aed on rods of automobiles and airplane engines, steel is unsuitable and too heavy, 
+ of 19 per and aluminum alloys have been substituted. Some of these alloys need heat 
ing to brag treating, although it is different from the treatment given steel. The work 
ir of replacing iron and steel by aluminum alloys will go on at an accelerated 
Cat tethers rate as we learn more about these alloys, and as the latter, pound per pound 
icleeeedt, become two or three times as strong as steel. Not only Zeppelins and air- 
planes, but automobiles, trolley cars, and railroad cars will be made of 
aluminum alloys. In my opinion, aluminum alloys will be just as important 


slectrically ; ; 
: us steel or even more so in a period of 20 to 25 years.’’ 


who slowly : i j i 
. After a general discussion of this paper, the meeting adjourned with a 


l rising vote of thanks to Prof. Trinks. Harry A. Neeb, J’. 
1 engineers 

i c oo PROVIDENCE CHAPTER 

2 it from 


‘orresponds It was due to the personal efforts of our genial chairman, Thomas Wray, 
' shaft, the that the Providence Chapter records what was probably the most interesting 
l efficiency meeting since its organization. 

n a purely This meeting was held on the 2list of April, comprising an afternoon 


materials Visitation to the Washburn Wire Company, and its subsidiary, The American 
a thermal! Electrical Works at Phillipsdale, where light refreshments, as Mr. Wray ex- 
ng medium pressed himself, were served. Later an interesting, illustrated talk by George 
d we must Richardson of the Bethlehem Steel Company was given at the Providence 


edium has Biltmore Hotel. 
"he visitation to the Washburn Wire Company was a real eye-opener, very 
. expected, few of us realizing that we had in our vicinity a modern and up-to-date steel 


ire heavier mill of such magnitude. This company is not a new concern by any means 
‘nd specializes more particularly in the higher grade of alloy and carbon 
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June 


steels. We had the pleasure of witnessing the tapping of one of their 15-toy 


basic open hearth furnaces and following the ingot right down through the 
rolling mills to the billets and from there on to the soaking pits, rod rolling 
mills and dies making up the wire drawing operations. All of this wag 
extremely interesting. 

Only a high grade wire is made here and the scrap used in making the 
steel is given a rigid inspection. The capacity of the open hearth furnaces 
is 40,000 tons per year. An instance was cited which showed that they sup. 
plied steel to some of the most exacting specifications, giving as an illustration 
the clutch spring of a Ford and of a Rolls Royce, both being made from exactly 
the same steel, the former weighing 0.6 of a pound and the latter approximately 
6 pounds, also mentioning the Ford Motor Car Company specifications calling 
for very narrow limits, such as a 0.07 per cent carbon leeway. 

Leaving the Washburn Wire Company and passing to its subsidiary, The 
American Electrical Works, we followed the high grade copper billets from 
the gradual preheating furnaces through the rolling, drawing and annealing 
operations. Every foot of copper wire that passes through this mill is tested 
and the wrapping and various methods of insulating this wire for different 
uses was mighty interesting. 

A rather unique method of making lead tubing and of forcing it over 
the copper cables was seen in operation. After passing the winding and 
cable forming machines we returned to the office and recreation building 
where we found out what Mr. Wray meant by light refreshments. 
quite a spread. 

The regular meeting was held after dinner. Mr. Wray and his assistants 
thoroughly explained the whys and wherefors. A rising vote of thanks was 
extended to the Washburn Wire Company for their hospitality by the mem- 
bers present. The meeting adjourned to the ballroom of the Biltmore Hotel 
where George Richardson gave an illustrated talk on ‘‘ Manufacture of Wire 
and Wire Products’’ to a gathering of 400 invited guests. Mr. Richardson 
started us off at the mine and carried us through to the finished product 
in a mighty interesting manner. 

The members who were fortunate enough to have been able to take in 
the day’s program should be very well versed in wire manufacture and wire 
drawing, and at our meeting next month, which will be a visitation to the 
Universal Winding Company, I can assure you of another interesting trip. 
The Universal Winding Company not only specializes in textile machinery 
but have a heat treating plant and one of the largest and most up-to-date 


foundries in New England, This visitation will probably also be limited to 
steel treaters. E. G. Peterson. 







It was 






















SOUTHERN TIER GROUP 







On Monday evening, March 29, at the Hotel Arlington, Binghamton, 
N. Y., the Southern Tier Group held its largest and most successful meeting 
of the year. There were seventy-five men at the dinner and the talk after- 
wards was heard by about three hundred and fifty people. 

Mr. Sturrock, chairman, reminded the members of the goal which had 
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been set by the officers:—100 members by the end of the first year. He said 
that at present there were sixty-five members in good standing and asked 
that everyone get busy and put the total over the hundred mark. 

The feature of the evening was a talk by G. A. Richardson of the Beth- 
Jehem Steel Company. To illustrate his talk Mr. Richardson showed several 
motion picture films which were remarkable for their clearness and the detail 
of the steel mill operations which they depicted. 

At a previous meeting Mr. Richardson started with the open pit method 
of mining the ore. This time he began with the shaft type of mining, explain- 
ing the reason for this method of mining and how it differs from the open- 
pit method. He then described the bessemer and open-hearth methods of 
making steel and finally described the new sheet mill operated by the Bethlehem 
Steel Company at Sparrows Point, Maryland. 

The regular monthly meeting of the Southern Tier Group was held Mon- 
day, April 25, at the Ingersoll Rand Club House, Athens, Pa. After the dinner 
and a short business session, J. P. Gill of the Vanadium Alloy Steel Company, 
talked to the members on the general subject of alloy tool steels and then led 
a discussion on high speed steels. 

Mr. Gill presented the subject of alloy tool steels in a very simple and 
interesting manner. Starting with plain carbon tool steel, he described the 
physical constituents of the steel and then divided the alloys into two main 
classes—those which go into solution with the iron (the tougheners) and those 
which form carbides (the hardeners). He told of the effects on the steel of 
these two general classes. He then took in turn each element, such as nickel, 
chromium, manganese, vanadium, and tungsten and described its advantages 
and disadvantages, and in which percentages it was present in alloy steels 
in common use. In talking about the more complex alloy steels such as high 
speed steels, Mr. Gill explained the purpose of each element and how some 
element could be used to replace others, for example, molybdenum replacing 
tungsten. He diseussed the limitation of such substitution, explaining the 
difticulty of retaining molybdenum in solution when it is present in quantities 
greater than 4 per cent. 

The members were as one in voicing the opinion that they had spent a 
very profitable evening and had learned something about tool steels which would 
be of value to them in the future. 


TRI CITY CHAPTER 


Fifty members of the local chapter of the American Society for Steel 
Treating had dinner at the LeClaire Hotel, and later, at the Peoples Power 
Company’s new auditorium, listened to a talk on Drop Forging by Harold 
\. Wood, metallurgist for the Ingalls-Shepard Division of the Wyman Gordon 
Company of Harvey, Illinois. This company is famous over the world for its 
high quality drop forged automotive crank shafts. Mr. Wood traced the 
(evelopment of modern drop forging from the days of the blacksmith. The 
growth of this important branch of modern industry is due largely to the 
efforts of engineers and metallurgists. 

The factors which govern the quality of the forgings produced are: 
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proper die design, high quality of steel free from impurities, segregation: 


pipes, blowholes, ete., and proper forging temperatures. Failure to obser, 


any of these factors means forgings of inferior quality and ones that maj 
fail in use. 






At the Ingalls-Shepard plant at Harvey, Illinois, temperature control jg 
being followed for forging heats with very good results. 

Mr. Wood spoke also of the heat treat practice following the forging 
operations. He stated that by means of large continuous electric furnaces 
the forgings are heat-treated with practically no direct labor cost. 










WASHINGTON-BALTIMORE CHAPTER 


The Washington-Baltimore Chapter held its April meeting on the 29¢\ 
in the Engineers Club, Baltimore. After dinner and a short business ges. 
sion the speaker of the evening, F. R. Palmer, addressed the chapter on the 
subject ‘‘Giving Steel Tools A Chance’’, 

There are three main points to be considered in making steel tools: 
chemical analysis, quality, and heat treatment of the steel. There are 
external and internal forces acting on tools. When the total of all these 
forces is in execess of the strength of the steel, the tools break. 

The internal forces correspond to strains resulting from many causes 
These strains are very frequently evident in regular practice and are 
sometimes so great that the least disturbance may cause rupture. The 
speaker cited, as an example, the case of a steel tool, which was apparently 
good, chipping in his hands; the strains were so great that the expansion 
due to the heat of his hand was sufficient to produce fracture. 

The origin of these very important internal stresses may be trace( 
to (1) the steel itself, (2) tool design, (3) forging, (4) machining, (5) har- 
dening, (6) tempering, and (7) grinding. 

The Steel—Quality depends on purity, determined by absence of unde- 
sirable ingredients, cleanliness in respect to absence of non-metallics, an¢ 
uniformity in respect to absence of differences in properties between dif. 
ferent bars and shipments, 
























Tool Design—This plays a most important part in determining the 
strength of the tool and special attention must be paid to the avoidance ot 
sharp corners, angular keyways, unbalanced sections, ete. A number of 
lantern slides showed failures due to these causes. There are, of course, 
‘ases where tools must have sharp corners, but small fillets can usually be 
made and ground off after heat treatment. Unbalanced sections may be 


avoiding by drilling holes in thick sections or plugging them up in the thin 
sections. 








Forging—Forging is a heat treating operation. Forging ean put a tool 
in an undesirable condition which cannot be fully offset by the following 
treatment. Every steel has a temperature at which it should be forged for 
best results and this temperature range is not as wide as frequently be 
lieved. If high speed steel which is an air-hardening steel is heated for 
forging to 2100 degrees Fahr. (1150 degrees Cent.) or above, and the 
hardening temperature is the same as or higher than that of the forging 
heat, then the so-cailed ‘‘fish scale fracture’’ is produced; tools in this 
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condition are extremely brittle. If, however, this steel is forged at 2050 
degrees Fahr. (1120 degrees Cent.) or below, there is no danger of this 
kind unless more than one hardening is used. 

The speaker pointed out the interesting case of a carriage bolt die 
that was formed partially by hot work and partially by cold work. When 
hardened in this condition poor service resulted but when hardened after 
removal of the cold worked metal by machining, satisfactory results were 
secured. 

Hardening—In hardening, strains are often multiplied. A large num- 
ber of tools fail due to nonuniformity of heating. During heating through 
the critical range there is a contraction of the steel instead of an expansion, 
while during cooling a reverse condition is taking place’. If im heating a 
3-inch cube, for example, conditions are not uniform, the corners of the 
block may expand while the central portion is contracting with the result 
that the corners may fly off at the first disturbance of the unbalanced 
stress conditions. Hardening cracks are always found following surfaces 
of equal temperature (isotherms). 

Several very interesting color photographs of a steel block and of a 
pyrometer in its protecting tube, placed closely, side by side, as they ap- 
peared in a furnace with uniform rate of heat application, at 1325, 1355, 
1400 and 1425 degress Fahr. (715 ,735, 760 and 775 degrees Cent. respec- 
tively), were shown. At 1325 degrees Fahr. (715 degrees Cent.) the two ob- 
jects are of the some color. The block appears somewhat darker than the 
pyrometer protecting tube at the critical temperature owirg to the heat 
absorption of the block, while when this critical temperature is exceeded 
the color of the block gradually approaches that of the tube so that when 
1425 degrees Fahr. (775 degrees Cent.) is reached, both again appear of the 
same brightness. The heat distribution at the critical temperature and 
slightly above is far from being uniform and this stage is a dangerous one 
for finishing the heat treatment, because of the great strains which would 
be set up by quenching under such conditions. 

Thus, the pyrometer has its limitations and hardening is a heating 
operation controlled by the eye to a certain extent. During the hardening, 
soft spots may be produced, They may be due to a number of causes; 
surface decarburization, contact with tongs by which the article is held 
during the immersion in the quenching medium, dirt present in the quench- 
ing solution; in general anything which interferes with rapid quenching 
may produce soft spots. The use of a 10 per cent brine solution may pre- 
vent the formation of soft spots in many eases. It must be kept in mind 
that hard steel oceupies a larger volume than soft steel, so the soft spots 
are usually under severe compression stresses. These often amount to 
100,000 Ibs. per sq. inch. 

The speaker recommended the following method of hardening straight 
carbon or low alloy steels; quench in water to about 700-800 degrees Fahr. 
(371-427 degrees Cent.), then into oil until nearly cold and finally cool in air. 

Tempering—The time elements was emphasized by the speaker as a 


‘ _*For illustrations, Bureau _of Standards temperature expansion diagiam was cited. See 
ureau of Standards Scientific Paper No. 433, 1922, by W. Souder and P. Hidnert, p. 618. 
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very important feature? in obtaining complete release of internal stregses 
in this operation, and often greater hardness. 

Grinding—Two types of defects were pointed out: (1) grinding checks 
of almost microscopic size and (2) deep seated grinding cracks. The 
speaker believes that grinding cracks are nothing more than delayed harden. 
ing cracks whereas the former result from poor grinding practice o; 
accidental mistreatment in grinding. A number of slides of steel tools 
etched in hydrochloric acid to make these defects visible were shown. Ay 
interesting case was cited in which the steel was highly heated locally as 
a result of careless grinding and a soft spot was produced. 

In econelusion the speaker pleaded for a greater co-operation between 
steel makers and steel users. 

During the discussion following this brilliant talk it developed that: 
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Some badly flaked high-speed steels (fish type of fracture) 
show under the microsope very large polygonal grains. 
Annealing at 1650-1700 degrees Fahr. (895-930 degrees Cent.) be- 
tween high temperature heatings usually prevents formation of 
the fish scale fracture. 

High tugsten (18 per cent) steel is not as prone to the formation 
of ‘‘fish scale fracture’’ as low tungsten (13 per cent) steel, but 
once this type of fracture is produced it is much harder to elimi 
nate in high tungsten steel than in low tungsten steel. 

If carbon or low-alloy tool steel is heated to a temperature above 
1300 degrees Fahr., cooled then to room temperature, reheated to 
above the critical temperature and quenched, quenching cracks 
are usually absent while if this steel is subjected only to the 
second treatment cracks occur rather often. 

The effect of punching holes in producing stress was illustrated 
in the case of plate steel of 80,000 pounds per square inch tensile 
strength, by the relative strength of 1 x 4 inch strips with a single 
row of 1% inch holes, in one ease neat punched and reamed, and 
in the other case drilled: 


drilled 240000 
punched ~~ 197000 





It is doubtful if the process of nitration developed by Dr. Fry an! 
carried out at a temperature not exceeding 1025 degrees Fahr. 
(550 degrees Cent.) may be applied, at least at the present time 
to the manufacture of steel tools because of the extreme brittle- 
ness of the case. The case due to this process chips off easily 
during the Rockwell hardness test. For some kinds of service. 
however, it gives better results than the usual case carburizing 
process. It was pointed out that chromium plating is also at- 
vantageous for some surface-hardened parts. 


A rising vote of thanks was accorded to the speaker. 


A, I. Krynitsky 


*This was illustrated by thc temperature-expansion diagram taken from the Bureau of 
Standards Scientific Paper No, 344, 1922, by W. Souder and P. Hidnert, p. 624. 
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CORRELATION OF MAGNETIC PROPORTIES WITH MECHANICAL 
HARDNESS IN COLD-WORKED METALS—Part II—Nickel Strips 
(Continued from Page 898) 


if the grain size, or the chemical composition, or the method of preparation 
of the sample is changed, the magnetic results no longer stay on the calibra- 
tion curve and they may be seriously misleading. I think that is the rock 
upon which most magnetic testing so far proposed has been wrecked. It has 
been tried a great many times because it looked so simple, and it has failed 
almost an equal number of times because conditions arose which did not 
recognizably change the mechanical properties but which did change the mag- 
netic properties. The problem can be worked out, but it is not at all the 
simple thing that it looks to be when first approached. 

P. G. McVetrry: It is indeed interesting to find further evidence of a 
relation between Brinell hardness and the results of the magnetic test. Mr. 
Lessells showed us on Monday that a similar relation exists between Brinell 
hardness and ultimate strength providing that the material is homogeneous 
and without residual stresses. We have been using a similar comparison of 
hardness and magnetic properties as a basis for choosing uniform test speci- 
mens for long-time tensile tests at high temperatures. 

Some time ago we tested some supposedly uniform heat treated material 
and found wide variations in the test data. Investigation showed that this 
might result from slight changes in tempering temperatures. Before discard- 
ing a large number of finished pieces, Mr. Spooner suggested that tests for 
uniformity be made. These tests showed a variation in permeability of about 
25 per cent. Tensile tests of the two pieces having the greatest difference in 
permeability showed a difference in ultimate strengths of more than 20 per 
cent, which is in close agreement with predictions based on the magnetic tests. 
As our investigation required uniform test specimens, these pieces were dis- 
earded. 

In many cases the variations in test specimens of heat treated material 
are shown by making several tests under similar conditions. It is practically 
impossible to obtain such statistical data for long-time tests at elevated 
temperatures on account of the time and equipment necessary for each test. 
It is therefore imperative that every possible effort be made to provide uni- 
form test specimens. 

Our present practice is to follow carefully the heat treatment of the 
original bars by means of Brinell tests. After the selected specimens are 
machined, magnetic tests are used as a basis for a second selection. By mak- 
ing trnsile tests of the pieces showing the greatest variation in magnetic 
and Brinell values, we determine the corresponding variations in tensile 


properties, after which specimens of the desired degree of uniformity may 
be chosen. 


This method is still in a state of development but it appears to furnish 
& valuable means of selecting uniform test specimens. The success of this 
method depends upon the existence of definite relations among the hardness, 
tensile and magnetic properties of the material. Professor Williams has 
made a valuable contribution toward establishing this relationship and it is 
hoped that work of this kind will be continued. 
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Items of Interest 





NNOUNCEMENT is just made of the purchase by the Simonds Saw and 
Steel Company of Fitchburg, Massachusetts, of the plants and business of 
the Abrasive Company of Philadelphia, Pa. The Abrasive Company is one of 
the leading companies in the grinding wheel manufacturing field, making 
‘*Borolon’’ wheels for grinding steel and metals of high tensile strength, and 
also ‘‘Electrolon’’ wheels for grinding cast iron, brass, bronze, and metals 
of low tensile strength. It also manufactures abrasive cloths and papers. The 
company has a complete organization of branches and sales outlets and will 
continue to sell its wheels through the same channels as in the past. The 
Simonds Company, established in 1832, is one of the oldest and largest manv- 
facturers of saws, files and machine knives, owning and operating their own 
steel mill, in which, in addition to making steel for their own products, they 
make sheet and bar steel for the commercial market. 

The products of both the Simonds Saw and Steel Company and the 
Abrasive Company are used almost entirely in the industrial woodworking and 
metal working field, and this close association of the two companies should not 
only prove mutually beneficial to them but also acceptable and useful to the 


consumers of both the Simonds Company’s products and the Abrasive Com- 
pany ’s wheels. 





‘*Taking the ‘Mystery’ out of the Buying of Automotive Oils’’ is the 
title of a handbook published by D. A. Stuart & Company of Chicago. It is 
especially of benefit to purchasing agents, plant engineers, and users of 
Stuart Technical oils. Sent upon request. 


Ludlum Steel Company announces that its Boston Office is now located in 
the Statler Office Building. 





More than fifty years ago, when testing was rather a new idea, A. H. 
Emery designed and built a testing machine for the War Department. It was 
installed in the year 1875 at the Watertown Arsenal and has been in use ever 
since. Upon the completion of this machine, a series of studies and experi- 
ments on physical testing devices was begun which culminated in the splendid 
examples of precision machinery now being used at the Bureau of Standards. 


A. E. Donovan, former secretary and treasurer of the Philadelphia 
Chapter is now in New York City. He is connected with the Crucible 
Steel Company of America, 17 East 42nd Street. 





A review of the work, completed and in progress, relative to the deter- 
mination of the properties of metals at elevated temperatures is to be 
given by A. E. White, Director of Engineering Research of the University 
of Michigan, in behalf of the American Society for Testing Materials, at 
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a meeting of the International Congress for Testing Materials to be held in 
Amsterdam, September 12th to 17th. 


The rapid growth of the iron industry in the Netherlands during the 
past three years is revealed in a trade bulletin issued recently by the Iron 
and Steel Division of the Commerce Department. 

Although official figures are lacking, it is estimated that during the fiscal 
vear which ended in March, 1927, Dutch blast furnaces produced in the neigh- 
borhood of 200,000 metric tons of pig iron. While this figure is relatively 
small, it is striking in view of the fact that prior to 1924 the iron industry 
in the Netherlands was non-existent. 

The decision of the Dutch to establish an iron industry of their own, 
according to the bulletin, came about as a result of the rigid supervision 
exercised by the belligerent countries during the war over iron and steel ex- 
ports. The Royal Dutch Blast Furnaces and Steel Works, known to the trade 
as ‘‘ Hoogovens,’’ was organized in 1918 with a capital of 25,000,000 florins 
of which the Duteh government participated to the extent of 7,500,000 florins. 
A plant was built near Amsterdam which began operations in 1924. During 
the fiseal year 1924-25 Dutch plants produced 106,000 metric tons of pig iron 
which was increased to 109,000 the following year. A second blast furnace was 
blown in on January 8, 1926, after which production increased markedly. The 
total capacity of the plant is over 235,000 metric tons per annum. 

The iron ore used in the Dutch plant, the bulletin disclosed, comes from 
Sweden, France, Spain and Algiers, long-term contracts having been made 
with mines in all four of these countries. For its coal the Dutch company 
has a source of supply in the Limberg mines and it also has acquired control 
of several German mines which assure sufficient coal for many years to come. 
The limestone used comes from Belgium where the Dutch own an important 
pit. ‘ 

The importance of the Dutch iron industry in world trade, the bulletin 
points out, is out of proportion to the actual production of the Dutch plants, 
owing to the fact that practically the entire output of pig iron is exported. 
The United States is by far the largest buyer of Dutch pig iron. In 1925 
out of 95,000 tons exported, 52,000 tons were shipped to this country, while 
during the first ten months of 1926 out of total exports of 92,000 tons, 57,000 
tons represented exports to the United States. Italy, Switzerland, Denmark, 
and Sweden also take considerable quantities of Dutch pig iron. 


Technologie paper No. 335 of the Bureau of Standards on ‘‘Thermal 
Kxpansion of Graphite’’, by Peter Hidnert and W. T. Sweeney has been 
issued, This gives the results of an investigaton on the thermal expan- 
sion of longitudinal and transverse sections of artificial graphite elec- 
trodes over various temperature ranges between room temperature and 
1112 degrees Fahr. (600 degrees Cent.) A summary of available data by 
previous observers on the thermal expansion of graphite (natural and 
artificial) and of other forms of carbon is also included. 


‘‘Pyrometer Instruction’’ is the title of Bulletin No. 358 recently pub- 
lished by The Bristol Company, Waterbury, Connecticut. The information 
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contained in the bulletin is intended as a guide to users of Bristol’s Thermo. 
Electric Pyrometers, in securing the greatest efficiency and satisfaction. [p. 
formation concerning this and other details pertaining to the use of these 
instruments may be had at any branch office. Sales engineers are available for 
consultation, and service engineers for repairs and checking. The maiy 
laboratory is at Waterbury, Connecticut, and service stations are located jy 
Chieago and Toronto. 














Claude 8. Gordon Company, Chicago, announces the opening of a new 
branch office in Indianapolis to better serve their clientele in that territory, 
S. A. Silbermann will manage the new branch located in Suite 617 Merchants 
Bank Building, Indianapolis. 


Michigan State College is endeavoring to meet a new demand in the engi- 
neering profession by establishing a curriculum in industrial metallurgy, 
that field of metallurgy which emphasizes the uses of metals and alloys rather 
than the production of them. 

The automotive, aeronautic, steel and allied industries are particularly in 
need of men who are well trained in industrial metallurgy. There is a 
scarcity of men who can correlate mechanical engineering, especially advanced 
design, with the science of metals and are indispensable to these industries, 

The proposed course in industrial metallurgy was developed after con- 
siderable study of the demands of the industries upon metallurgists. Com- 
parisons were made between the demand and the various metallurgy curricula 
offered throughout the country and no curriculum seemed to offer the neces- 
sary combination of mechanical engineering and the science of metals. 

Michigan State College is uniquely located to offer such a training in 
metallurgy. It is in the center of the automotive industry of which there are 
large representative establishments located within five miles of the campus 
and which afford plenty of opportunity for intimate study by the students. 

The facilities afforded to the students are very complete in every line 
of metallurgical study and research. The equipment to accomplish this work 
is exceptionally good and includes in the foundry:—a 24-inch cupola and a 
14-inch cupola, 2 gas-fired crucible furnaces and an electric furnace of 200 
pounds of per hour melting capacity is being installed. The 
metallurgy laboratory is equipped with: 9 gas-fired hearth furnaces, one 13 
K W electric furnace, and 6 pot furnaces, also forges, 3 standard methods for 
hardness testing, and the potentiometer system of pyrometry as accessories 
for the metallurgy laboratory; a well equipped metallography laboratory for 
inspecting and photographing macroscopic and microscopic work and for 
making critical point determinations. 

An effort is being made to have the industries cooperate with the college 
in the training of metallurgists. The industries are being asked to employ 
the metallurgy students during their vacation months in interesting, instruc: 
tive and representative metallurgical work. It is the hope of the college that 
such employment of students would arouse their interest in metallurgical engi- 
neering, but it would also serve to weed out the individual who has no aptitude 
for the work. 
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gress in Steet Manufacture 


Parallels Progress in Metallurgiéal Science 


OR many years our, laboratories have 

been famed for their contributions to the 
art of metallurgy. And our mills, too, have an 
enviable reputation for the modern methods 
and equipment employed in making Agathon 
Alloy Steels. In addition, every employee is 
imbued with the spirit of painstaking care in 
every step of production. ‘Such a combination 
of skill, up-to-date equipment and, modern 
methods is bound to result in alloy steels that 
adhere strictly to formula and are absolutely 


uniform i in texture, providing substantial sav- , 


ings in subsequent operations. “ Have you a 
copy of our Agathon Alloy Steel handbook? 


We have daily produc 
tion im our two com- 
pletely equipped plants 
at Massillon and Canton 
in ‘all kinds of Agathon 
Alloy. Steels, such as: 


Nickel,’ Chrome- Nickel, 
UMA, Molybdenum, 
Chrome-Molybdenum, 
Nickel-Molybdenum, 
Vanadium, Chrome-Va- 
nadium, Chromium, etc. 


Deliveries in Blooms, 


5 Billets, Slabs,Hot Rolled, 


Heat Tréated, and Cold 
Drawn Bars, Hot Rolled 
Strips, ete. 


Central Alloy Steel Corporation; Massillon; Ohio 


World’s Largest and Most Highly Specialized A lioy Steel Producers 


Makers aoe a Copper Mo-lyb-den-um Iron 
Cleveland Los Angeles 


Syracuse Puddidetitide New em 
San Francisco Chicago . -. Tulsa 


St. Louis © 
Seattle 





ADVERTISING SECTION 


HUMP 


Hardening The Modern Way—The 

Hump Method for Hardening is 

simple — both in operation and 
equipment. The dependability of its recording 
method makes it possible to secure remarkable uni- 
formity in tools or parts without waste. 


Tempering The Modern Way—The advantages of 
the Homo Method for tempering steel parts by 
forced convection lie also in the simplicity and 
economy of the process, the uniformity of the result. 


Our engineers can show you how to reduce costs and 


improve results in heat treating steel. Our literature 
will inform you of the latest 

developments in the heat treating 

equipment field. 


HOMO 


TEMPERING 


Send for Catalogs 90-S, The Hump Method, 
and 93-S, The Homo Method 


Catalog No. 90-S 


The 
LEEDS & NORTHRUP COMPANY 
Hump Method 
4901 STENTON AVENUE, PHILADELPHIA | for Hardening 


Ls seers “= 


Chicago, II!. Los Angeles, Calif. nes 
San Francisco. Calif. Cleveland, Ohio 


When writing to Leeds & Northrup Company, please mention TRANSACTIONS 
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ASCOLOY 


CHROMIUM-IRON ALLOY 
ELECTRIC FURNACE PRODUC 


PUMP SHAFTS 
Made from ASCOLOY 


| are standard factory parts on many of the 





ere a cca a 





best cars in the various price classes. 


The Resistance of ASCOLOY to corrosion 
and abrasion makes carbon steel obsolete as a 
suitable material for this vital part of the car. 


The Cost of using ASCOLOY is surprisingly 
moderate. 


Send for Revised Technical “Bulletin 


gy 
WAREHOUSE STOCKS 
JOS. T. RYERSON & SON, INC. 
CHICAGO, ILLINOIS 


vy 
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Allegheny Steel Company 


General Offices and Works: BRACKENRIDGE, PA. 
NEW YORK CHICAGO DETROIT MILWAUKEE 


2 a. 


lI 





When writing to Allegheny Steel Company please mention TRANSACTIONS 


pealy 
IGE, PA. 
MILWAUKEE 


\CTIONS 


ADVERTISING SECTION 


RODUCTION BRINELLING 


ULE ae 
ae 
Prd ee 


Ry 
Use the 


; 
Hi 
i. | 
, 
: 
. 


“OLSEN BRINELL 
PROVING RING” 


Adopted from Bureau of 
Standards design 


with 


Electrically Operated Vibrating 
Reed for checking Brinell 


Hardness Testers 


Write for literature covering same. 


Olsen Motor Driven Production Type Brinell Hardness Testing Machine 


Machine as here illustrated is the very last word in Brinell Hardness 
leting Equipment, and which enables the operator to make Brinell Hard- 
ts Tests on a real productive basis. 


This Machine is made in several sizes, depending upon the class of 


perk to be Brinelled and is supplied complete with a Special Illuminated 
croscope. 


The entire control of the machine is by operating the small knurled 
ad at the right through a very small angle for either applying the load 
"removing same, while the load is automatically held at maximum point 
Wer such a length of time as desired by the operator. 

The operator of our Motor Driven roduction Type Brinell Hardness 
ster will find his work a ——— and without any effort secure a 
maximum production on Brinelled parts. 


KNOWLEDGE IS POWER 
ELIMINATE VIBRATION 


Secure Perfect Balance with Speed and Economy 
Use the OLSEN-CARWEN STATIC-DYNAMIC BALANCING MACHINE 


MANUFACTURED BY 


IINIUS OLSEN TESTING MACHINE CO. 


500 N. TWELFTH ST., PHILADELPHIA, PA.., U. S. A. 


When writing to Tinius Olsen Testing Machine Co. please mention TRANSACTIONS 





ar cs a (Mid 


2 See 


MN AP sta lt i 


in I cl a Tl 


~~) tee 


a OO ICRC — Ra hc la Si ae Rana 





6 TRANSACTIONS OF THE A. 8. 8, T. 


HEART TO HEART TA 
WITH STEEL TREATER 


By the President of 
E. F. HOUGHTON & CO. * 

















HIS space costs good money. The fact that the money goes 

a good cause does not reduce the cost. I am expected to 

words and have them printed on this space which will bring back 
all, or part. 


As practically every member of the Society knows all about Ho 
ton’s Carburizers and most of the casehardeners are using them, it | 
like a waste of space to keep harping on Houghton’s Carburizerg 
suppose I touch on some other Houghton Products. 


HOUGHTON’S No. 2 Soluble Quenching Oil is in a class by | 
and is even better known than the Houghton Carburizers. 





The fact that Houghton does a very extensive business upon salt 
liquid baths employed in the heat treatment of steel is perhaps not ( 
so well known, but the story is told so much better than I can te 
in a book entitled “HOUGHTON’S LIQUID BATHS FOR I 
HEAT TREATMENT OF STEEL” edited by the Houg 
Research Staff and published by the Company, that it would also 
waste of space to try to tell that story here. Besides, and this 1s stt 
confidential, that story is a little over my head, and I am not so ce 
that I have the ability to do justice to it. But for Heaven’s sake ( 
tell, for I pull down a whale of a salary because I am supposed to 
sess the ability to write all about all of the Houghton Products, s0 
men will fight for them, women will scream for them and children ¢ 
them, and if our Board of Directors heard that this were not true 


When writing to E. F. Houghton & Co., please mention TRANSACTIONS 


























ADVERTISING SECTION 7 





+t reduce my salary and I am getting well along in life and I need 
money. Of course, no one knows what I don’t know but myself and 


TA not going to tell what I don’t know. It is some job to tell all 
VTE Py knows after being connected with Houghton for 45 years. 
\ 


y may obtain a copy of the book LIQUID BATHS for the asking. 





























re is one phase of our business that I do claim to know fairly well 
{that is LUBRICATION AND LUBRICANTS. I like it so much 
i sometimes I suspect there is Spanish or Mexican blood in my veins, 
there is so much “bull” in it and I love to kill the “bull,” and I 
pect that I like to tease it a bit also. 


lush to admit it, but I also claim to be an inventor. I am an inventor 
phrases. I invented the phrase “Bootleg Motor Oil.” At first folks 
Jnot pay much attention to it. Of late it has been the subject of 
ing articles in many of our periodicals of largest circulation. 


© Money goes 
1 expected to 


1 bring back 


hensoever you become sufficiently intelligent to believe that the lubri- 
wn of your car is as important as the lubrication of your plant, send 
1 Houghton Man and have a talk with him about HOUGHTON’S 
AL MOTOR OIL. I will wager that in years to come you will 
it it was the most profitable half hour you ever spent. 


all about Ho 
sing them, it | 
Ws Carburizerg 


in a class by fbve threatened to write a book on the subject of motor lubrication. 


|do, it will be a peach. I admit it. Some folks may not like it, 
the “Bootleg Motor Oil” business will receive a jolt. 


Zers. 


ness upon salts 
is perhaps not ( 
than I can te 
\THS FOR | 
by the Houg 
it would also 


npe this finds you in a good humor and that the weather is pleasant 
your way. 


il repeat, I draw a good salary for writing this sort of copy, which 
Sto show it is easy to make a living, if you do not insist on doing 
, and this is sti™ithing as it has always been done. 
I am not so ¢ 
Jeaven’s sake ( 

m supposed to Yours fraternally, 
yn Products, $0 

and children ¢ 


were not true 


Cras. E. CARPENTER, 
President. 


\NSACTIONS When Writing to E. F. Houghton & Co., please mention TRANSACTIONS 
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No. 3 Regular 


Melter 


Melting Furnaces 


ear 
\ao iti 
XN Ty, 


Branch Offices 


Hartford, Conn. 


MALL and medium size melting furnaces are fun 
mentally plain, sturdy furnaces designed to wit 
stand hard service and high temperatures. 


Standard melting furnaces, one of the many tyy 
of heating equipment supplied by the American G 
Furnace Company, are shown in their new Bullet 
No. 5. In them is incorporated the many years’ ¢ 
perience which they have had in the manufacture 
this line of equipment. 


Heavy, highest grade refractory lining and amy 
burner capacity result in rapid, efficient melting. 


Regular melters for melting precious and se 
precious metals and for making small experiment 
melts, melters for making fusion test on coal ash, et 
brass melters and special melters are all described a 
illustrated in Bulletin No. 5. 


Write for your copy today. 


cee AMERICAN GAS FURNACE CC 


Columbus, O. 


When writing to 


ELIZABETH, N. J. 


American Gas Furnace Co., please mention TRANSACTIONS 
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ADVERTISING SECTION 





Are you 
suspicious of flame-cut steel? * 


- REAL ECONOMY of cutting 


steel with the oxy-acetylene 
fame is well established. A three 
pound blowpipe replaces massive 
machinery. Even in shops that 
have installed such machinery the 
odd jobs and emergency jobs are 
more quickly accomplished by the 
oxy-acetylene process. It eliminates 
the delay of routing heavy pieces 
back to the shears. 


Nevertheless there is a ground- 
less suspicion that the heat of the 
flame has damaged the steel. Some 
engineers even insist on machining 
/: to 1” of metal from the flame- 
cut edges. 


Now it isa fact established by 
several different engineering in- 
vestigations that mild steel and 
structural steel are actually strong- 
er after they have been flame cut. 
Bars taken from the flame-cut edge 
show a bending strength of 5%-10% 
higher than those from a milled 
edge. A slight hardening takesplace 
’s" to 7s” inward from the surface. 

Linde Engineers can supply you 
with convincing metaliurgical data 
on the various applications of the 
oxy-acetylene process. 


THE LINDE AIR PRODUCTS COMPANY 
Unit of Union Carbide and Carbon Corporation 


General Offices: Carbide and Carbon Building 
30 East 42d Street, New York 
ww COU eo ehe 8-5 . 107 WAREHOUSES 








E OXYGEN 


® No.6 of series of advertisements on the engineering phases of oxy-acetylene welding a>) cutting. Send for the booklet entitled: 
“Engineering and Management Phases of Oxwelded Construction.” 


When writing to Linde Air Products Co., please mention TRANSACTIONS 
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THE LEITZ WORKS ARE THE LARGEST MICROSCOPE MANUFACTURERS IN THE WORLD 


LEITZ 


EST’D: 1849 


THE STANDARD OF OPTICAL AND MECHANICAL PRECISION 
“MICRO-METALLOGRAPH 


MODEL 1927 


IN STOCK FOR IMMEDIATE DELIVERY 


« int se? 
aa 


Inverted Microscope Stand of Leitz Micro- 
Metallograph 


WRITE FOR CATALOG (P) 


e. bam tac, 


60 EAST 10TH ST. aouwte: 


The Leitz “Micro-Metal 
xraph” is the rigid Stand 
of all those Metallograp 
Laboratories whose aim it 
to obtain reliable and pre 
results in Micro-Analysis 
Metals. It is selected by G¢ 
ernment Departments 
Standardization of Gun- 
Rifle-Manufacture as well 
Ordnance Equipment. 


Model 1927 is characteris 
through the added featur 


1. Conical-Stop Illuminat 
(for increased contrast); 


° 


2. Oblique Illumination 
vice (for increased contras 


3. Coarse Focussing Adju 
ment independent of micror 
ter screw. 


4. Micrometer screw havi 
direct action upon objectiv 


5. New Type Opaque Illu 
nator; 


6. New Illumination Arrang 
ment with special Collima 
Lens System; 


7. Indirect Observation Wi 
dow at Camera; 


8 Focussing Extension Ca 
inet with telescope; 


9 Shock-Absorber (immun 
es the apparatus against 
bration); 


Consider the Leitz “MI 
first and you will be rep4 
manifold. 


No, 1057 


INC. 


NEW YORK 


Pacific-Coast Agents: SPINDLER & SAUPPE,. Offices at Los Angeles and San Francisco, Calif 
Canada: THE J. F. HARTZ CO., LTD., Toronto 2, Canada. 
Philippine Islands: BOTICA DE SANTA CRUZ, Manila, P. t. 
Cuba: ANTIGA & CO., Havana, Cuba. 


When writing to E. Leitz, Inc., please mention TRANSACTIONS 
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8S IN THE WORLD 


PRECISION 


RAPH 





yY 


itz “Micro-Metal 
the rigid Stand 
Ose Metallograp 
es whose aim it 
reliable and prec 
Micro-Analysis 
is selected by Ge 
t Departments 
ation of Gun- 
facture as well 
Equipment. 


Guthrie-Leitz 


GRINDING and POLISHING 
MACHINE 


for METALLOGRAPHIC SPECIMENS 
With 


Automatic (Magnetic) Specimen Holder 
(Patent Applied For) 









927 is characteris 
he added featur 


-Stop  Illuminat 
ased contrast); 





> Illumination J 
increased contras 





Focussing Adju 


endent of microt This is the apparatus which created a sensation at the Chicago Conven- 


im due to its exeellent performance and its adherent features, viz.: 


LThe specimen is held secure and 9. It does away with the rounding 
plano through magnetic device; of edges of egiriol * este 
Specimens are polished automati- 10. It is likewise adapted to polis 
cally, the holder with specimen ends of fine wire in an entirely 
moves over the plate by means satisfactory manner; 

of gears; 


ieter screw havi 
On upon objectiv 


ype Opaque Illu 


lumination Arrang 
. special Collima 


em; \lt acts independent of human Saving of Labor: 

t Observation W equation; 

mera; ‘lt does away with the rocking 1. Labor is reduced to a mere min- 

: Extension C of specimens as experienced in imum; 

Seldonene: ; : hand polishing; 2. Three specimens can be prepared 
, ilt makes it possible to measure at one time, in the same time as 

Absorber (immun the pressure, speed, time, amount one formerly; 

paratus against of abrasive, ete.; 3. The machine pays for itself in 

Lit allows to duplicate and stand- no time through the labor saved. 


r the Leitz “M 


ardize the procedure and tech- 
you will be repé 


nique for sample preparation. 


1 Aut atic Dropping and Agitation 
‘It makes it possible to entrust a ae ell 
the preparation of research 
‘samples in the hands of an op- 1. Polishing plates are kept mois- 
trator less experienced. tened automatically; 
Lit polishes specimens optically 2. Abrasive solutions are constant- 
piano; ly agitated and levigated. 

7 Ask for Catalog No. (P) 1094. 

NEW YORK 

San Francisco, Calif. E. LE] I z.. INC. 

ada. 80 EAST 10TH ST. NEW YORK 

mt 


*wific-Coast Agents: SPINDLER & SAUPPE, Offices at Los Angeles and San Francisco, Calif. 


CTIONS When writing to E. Leitz, Inc., please mention TRANSACTIONS 
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TEMPERATURE CONTROL 
SAVES THOUSANDS OF 
DOLLARS YEARLY 


HE “allowance for spoilage,” 

common in many _ heat-treat- 
ing processes, can often be charged 
to incomplete control of process 
temperatures. 


Bristol’s Pyrometer Control 
Model 479 ‘Tempera- Reduces “Spoilage” 


ture Controller. 


Much of this spoiled material can 
be prevented by installation of 
automatic control. The Bristol’s 
model 479 controller shown here, 
when used in conjunction with 
Bristol’s Motor Operated Control- 
ler Valves will hold the “run of 
heat” to almost unbelievably close 
control for use on oil, gas and 
electrically fired equipment. 


Extremely sensitive, yet rugged, 
and designed to give years of 
service with little care. 


Bristol Service Engineers 
Bristol's Moter Oper- analyze cenditions carefully, 
ated Valve for Air, and can specify just the right 


Gas or mixed Gas equipment to do the work. 
and Air. 


The Bristol Company 


Waterbury . @ Connecticut 


When writing to The Bristol Company, please mention TRANSACTIONS 
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Greater Ductility 


Zirconium as an intensive 
de-oxidizer and scavenger is 
rapidly finding favor with 
foundries and steel makers 
requiring exceptionally 
clean steel. In castings it in- 
creases elongation and re- 
duction in area. 


ELECTROMET supplies 
zirconium as zirconium- 
ferrosilicon and as silicon- 
zirconium. Our engineers 
will be glad to consult with 
you on the use of these in- 








teresting alloys. 


Sole Distributors 


ELECTRO METALLURGICAL SALES CORPORATION 
Unit of Union Carbide and Carbon Corporation 
Carbide and Carbon Building, 30 E. 42d St., New York 


CHROMIUM 
High Carbon Ferrochrome 
(maximum 6% carbon) 


Low Carbon Ferrochrome 
(in grades, maximum 
0.10% to maximum 
2.00% carbon) 


Chromium Metal 
Chromium-Copper 


Miscellaneous Chromium 
lloys 


ZIRCONIUM 


Silicon-Zirconium 
Nickel-Zirconium 
Zirconium-Ferrosilicon 


lectromet 
Brand 


SILICON 


Ferrosilicon 15% 
Ferrosilicon 50% 
Ferrosilicon 75% 


Ferrosilicon 80 to 85% 
Ferrosilicon 90 to 95% 
Refined Silicon (minimum 


97% Silicon) 
Calcium-Silicon 
Silicon-Copper 


Manganese-Silicon 
Silico-Manganese 








erroAlloys 
Jen Metals 


MANGANESE 


Standard Ferromanganese 
78 to 82% 


Low Carbon Ferromanga- 
nese 


Manganese Metal 
Manganese-Silicon 
Manganese-Copper 


Miscellaneous Manganese 
Alloys 


VANADIUM 


Miscellaneous Silicon 


oys 


All Grades 


- 


When writing to Electro Metallurgical Sales Corp., please mention TRANSACTIONS 


TRANSACTIONS OF THE A. 8. 8. T. 


RedCaut Superior 
HIGH SPEED STEEL 
0 high speed steel 
made surpasses 
Red Cut Superior 
inits productive 
efficiency = 


—~ where you can obtain 
Red Cut Superior 


ona moments notice. 


DISTRICT OFFICES: 
New York Pittsburgh Cleveland Dayton Cincinnati 
WAREHOUSES: 
Latrobe, Pa. Chicago Springfield, Mass. Detroit 
DISTRIBUTORS: 
Abegg & Reinhold Co., Los Angeles, Cal. Peninsula Iron & Steel Co., San Francisco, Cal. 
W. S. Dunlap, St. Louis, Mo. Faitoute Iron & Steel Co., Newark, N. J. 
H. D. Taylor Co., Buffalo, N. Y. Edgcomb Steel Co., Philadelphia, Pa 


AGENCIES: 
W. S. Murrian Company, Knoxville, Tenn. 


Jhere’s a Vasco Representative Near ‘You « 
VANADIUM ALLOYS STEEL CO. Latrobe, Pa. 


When writing to Vanadium-Alloys Steel Co., please mention TRANSACTIONS 
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Always 
-SQY Die 


When Ordering 


Pyrometer Protection Tubes 


Sand Casting can never equal Die Accuracy 


NOP 
FEL 








Die accuracy means that the high heat-resisting properties 
ot “Nichrome” are greatly increased at every point by unt- 
form wall thickness and by greater density of the metal itself. 
‘Nichrome” tubes are tested under water at !00 pound air- 
pressure for your protection. 
Cincinnati 


Your instrument maker carries “Nichrome” Pyrometer Pro- 


Jetroit tection tubes in stock made only by the 


1 Francisco, Cal. 


, Newark, N. J. DRIVER~HARRIS COMPANY 
Philadelphia, Pa. HARRISON, NEw JERSEY 
Chicego © Detroit Morristown, N. J. England + France 
TRADE MARK REG. U S. PAT. OFF. 


Nichrome 


ass PYROMETER TUBES 






‘YOu « 


obe, Pa. 
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SACTIONS 
When writing to Driver-Harris Co., please mention TRANSACTIONS 


TRANSACTIONS OF THE A. 8S. 8. T. 


FOR THE SCIENCE AND AI 
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"THE dial of this Automatic 

Temperature Controller on 
which you set the temperature 
for furnace operation is 12” long, 
the length of the scale surround: 
ing this illustration. 


The electrical system is po- 
tentiometric with complete elec- 
trical cold-junction compensa- 
tion. 
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ILSON MAEULEN (OMI 


When writing to Wilson-Maeulen Co., please mention TRANSACTIONS 
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T TREATMENT OF STEEL 





IZ0°ConiIcAL PENETRATOR 
WITH PHERICAL TIP 





SURFACE 
OF SPECIMEN 


nNDMSM"ZOND~<U 


MOO TLL TOLD (1 


INDICATING 





THiS INCREMENT InN DEPTH OUE TO INCREMENT 
IN, LOAD tS THE LINEAR MEASUREMENT THaT 
FORMS THe Basis OF RockweLtL HARONESS 
READINGS 


‘iid ceatin NE reason that the Rockwell Hardness 
tiaMine on Tester is so largely independent of char- 
wmperature er of surface of part tested is that the total 


is 12” long. pth of penetration is disregarded:—the hard- 
isnumber being based upon the increment of 
pth of penetration due to increment of load. 
ie Rockwell is never concerned with the first 


- surround: 


lem 1S po- tact of penetrator and piece tested. 
iplete elec- 
compensa: The diagram above illustrates this 







nciple of the Rockwell Test. 
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When writing to Wilson-Maeulen Co., please mention TRANSACTIONS 


TRANSACTIONS OF THE A. 8. 


Quench? 


L°0Ok through a Pyro Radiation Pyrometer at the 
steel you’re treating while it is in the furnace. Read 


the temperature on the scale. That’s the temperature of 
the work—not merely that of the furnace. 


More than 4,000 Pyros in use throughout the world. A 
list of users reads like ““Who’s Who in Industry.” 


Pyro helps increase furnace output, promote uniformity 
of product, reduce spoilage and save fuel. 


No accessories needed. Weighs 25 ounces, 7 inches long 
—demonstrated accuracy. 


Sent on approval 


Try Pyro in your own work. No obligation to keep it 
unless you want it. A request brings one immediately. 


PYROMETER INSTRUMENT COMPANY 
74 READE Sr. New York, N. Y. 


PYRO RADIATION PYROMETER 


& 1840 


When writing to Pyrometer Instrument Company, please mention TRANSACTIONS 
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~ \ THE INTERNATIONAL NICKEL COMPANY 


ADVERTISING SECTION 


IOO YEARS OF 


STEEL IMPROVEMENT 


Number Three in a Series of Advertisements 


CRYSTAL PALACE 


NEW YORK, WAS THE SCENE 
OF THE FIRST AMERICAN 
WORLD’S FAIR AND THE 
FIRST AMERICAN SHOWING 
OF NICKEL ALLOY STEEL 


In July 1853, Crystal Palace was 
formally opened by President Frank- 
linPierce, who came from Washing- 
ton for the event. Among the many 
artistic and scientific exhibits that 
aroused the interest of the curious 
throngs were samples of Philip 
Thurber’s Nickel Alloy Steels. The 
American public thus received its 
first glimpse of those Alloys that had 
been the subject of many far-reach- 
ing European experiments —its first 
glimpse of Nickel Alloy Steels which 
are now accepted as standard ma- 
terials of industry. 


The many years of Nickel Steel 
development have contributed to an 
extensive fund of information con- 
cerning the superior properties and 
many uses of these Alloys. You are 
invited to consult our staff of engi- 
neers and thus draw upon these 
helpful data. 
























Send for Buyer’s 

Guide for Nickel 

Alloy Steel 
Products 


Nae 


FOR ALLOY STEEL 


67 WALL STRE 
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Some Standard 
Applications of 
Nickel Alloy Steels 


























Armor Ordnance 
Plate 
Rail 
Axles oer 
Boiler & Work 
Fire Box Roller 
Plate Bearings 
Boiler Shaft 
Tubes —_— 
Bolts, Shovels 
Nuts, Special 
Rivets, Tools 
etc. Steel Mill 
Castings Rolls 
Crank 


Shafts ae 
Dies & Die ee 
Blocks Turbine 
Forgings Blading 
Gears & Valve 
Pinions Bodies 
Mechanical Welding 
Tubing Rod 





ET. NEW YORK CITY hae 





Producers of INCO Nickel in all commercial forms is 


When writing to International Nickel Co., please mention TRANSACTIONS 





TRANSACTIONS OF THE A. 8. 8. T. 


NOQX ID 


TRADE MARK 


The Original Rust Preventive 


Leaving off NO-OX-D causes Replacement of Secii 


On the island of Kauai, Hawaii, one of Dearborn’s far-flung service men just 
spected two old railway bridges that had been coated with NO-OX-ID in October, 1 
They are exposed to salt air, and constant bombardment of the trade winds carry 
a heavy red dust from the sugar cane fields. 


The report states in part—“one section involving two columns with all struct 
steel between these two columns was not coated with NO-OX-ID as a basis of ¢ 
parison was desired. This section will have to be replaced with a new section @ 
year while the rest of the bridge was treated with NO-OX-ID and will still serve mé 
years. They acknowledge that the whole bridge would have to be renewed if NO-OX 
had not been used.” ae 

Note: No pictures are now available of the bridge in the Philippines 
bridge above is in the United States. Recent report after tw 
one-half years’ protection by NO-OX-ID stated that it was 1! 
fect shape and would need no more attention for about three yt 


What is your rust problem? Write! 


DEARBORN CHEMICAL COMPAN 


299 Broadway 310 So. Michigan | 
NEW YORK CHICA 


wOxK 


The Original Rust Preventive 


ae 


cs 7H 


_—. 


When writing to Dearborn Chemical Co., please mention TRANSACTIONS 
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AMERICAN SOCIETY for STEEL TREATING 





| 
| The object of the Society shall be to promote the arts and sciences connected with either 
| the manufacture or treatment of metals, or both.—Constitution A. 8S. 8S. T., Art. LI. 


eee 


UST Officers and Board of Directors 


J. FLETCHER HARPER, President j 

; e Allis-Chalmers Mfg. Co. 
{ Milwaukee 

; 
hi 1ve F. G. HUGHES, Vice-President i" 
New Departure Mfg. Co. i 

Bristol, Conn, i 

W. H. EISENMAN, Secretary DR. ZAY JEFFRIES, Treasurer i 

4600 Prospect Avenue Aluminum Company of America ; 

Cleveland Cleveland hi 

DIRECTORS q 


R. M. BIRD, Past-President 


709 Beacom Lane 
Merion Station, Pa. 


R. G. GUTHRIE L. D. HAWKRIDGE 
People’s Gas Light and Coke Co. Hawkridge Bros. Company 
Chicago Boston, Mass. 
HYMAN BORNSTEIN J. H. NEAD 
Deere & Co. American Rolling Mill Company 
Moline, Ill. Middletown, Ohio 


FOUNDER MEMBERS 


THEODORE E. BARKER ARTHUR G. HENRY WILLIAM P. WOODSIDE 
Oak Park, Ill. Chicago Detroit | 





HONORARY MEMBERS 


ent of Secti 


Sm Roszar Haprreip, Bart., FBG... . 0... cscccccccccccees London, England 
: ASRS Ty Sie Ns ww Sn 0b 0 0 oa ce Se ede we bennw ee Cambridge, Mass. 
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SX-ID in October, 1 JOHN ALEXANDER MATHEWS, Sc. D............ cece eecccecces New York City 
2 trade winds carry SRY Be SE ok aie 4 0 0 wAe6 6-4 00.04 44s 08 ees wen eee ebe oe Paris, France 
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HENRY MARION HOWE MEDALISTS 
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Recent report after two 


) stated that it was in SA ec ab oh he a hsb ai ns ON a HORNE a Sete 004 1922 
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June 
SUSTAINING MEMBERS 


The following firms and individuals, because of exceptional interest iy 
the work of the Society, have contributed not less than $25.00 
each year for the promotion of its objects 


NATIONAL 


Se a Gg ee Ss gia 0 eK. denn t2 Bhd oe KRS os ba Sa 6h sawn Sheffield, Englana 
COLUMBIA TOOL STEEL CO., Arthur T. Clarage, President Chicago Heights, Lil. 
GENERAL ALLOYS CoO., H. H. Harris, President : 


Bosto 
KELLY AX# MFG. CO., W. C. Kelly, President Charleston, W. Va. 


PELICAN WELL TOOL AND SUPPLY CO., M. G. Stewart, Manager........ Shreveport, La 
SS CE ON nn cos pean qpastns oe ede ge behs bine vs Lockport, N. y 
VORRINIE GE UME OOD. 0. 5 ocnn eck nwstean css vaeinctewivevecestcval Aliquippa, P4 


BOSTON CHAPTER 


AMERICAN BOSCH MAGNETO CORP, G. J. Lang, Vice-Pres.. Brightwood Sta., Springfield, Mass, 
AMERICAN METALLURGICAL CORP., K. A. Juthe, President Boston 
ATLAS STEEL CORP., H. J. West, Vice-President and Dist. Mgr Boston 
BETHLEHEM STEEL CO., INC., R. E. Belknap Boston 
BETHLEHEM SHIPBUILDING CORP., Fore River Plant Quincey, Mass. 
CRUCIBLE STEEL COMPANY OF AMERICA, H. L. Raynor, Branch Manager 

EDISON ELECTRIC ILLUMINATING CO., J. L. Faden, Industrial Heating Eng...... Boston 
EVANS STEEL CO.,. H. Boston 
FRANKLIN NEEDLE CO., G. L. .Franklin, N. H. 
ne Se et be eu ai calc bls Siege OR ae eee 05.50 be 68 0 65 South Boston 
HARTEL BROTHERS & CO Boston 
HAWKRIDGE BROTHERS CoO., L. D. Hawkridge, Vice-President Boston 
HOUGHTON & RICHARDS, INC., George A. Mahoney, Treasurer Boston 
HUNT STEEL CO., A. E., T. L. Kirkpatrick, Vice-President Joston 
LORD ELECTRIC CO Boston 
McDONALD CoO., P. F., P. F. MeDonald, Jr Boston 
ee Ge SOR, ON BE dansk Rabe d eee ecb ec cceness bed soe des Laconia, N. H, 
TRIMONT MFG. CO., Charles C. Ely, Treasurer Boston 
UNION DRAWN STEEL CO., J. E. Allen 

UNITED SHOE MACHINERY CORPORATION 

WALWORTH COMPANY, J. E. Hart, Gen. Supt. 

WARD’S SONS CO., EDGAR T 

WETHERELL BROTHERS CO 

WHEELOCK, LOVEJOY AND CO., 

ZURBACH STEEI, Co., L. E., L. E. 


CHICAGO CHAPTER 


ACCURATE STEEL TREATING CO., T. E. Barker, President 
AETNA BALL BEARING MFG. CO., G. W. Nordstrum Chicag» 
ALLEN STEEL CO., 'NC., EDGAR, George R. Bennett 


Chicago 
Cicero, lil 

ATLAS STEEL CORP., Harry Hardwicke, Vice-President and Dist. Mgr Dunkirk, N. Y. 
COLONIAL STEEL CO., H. M. Bray, Dist. Mgr 
COLUMBIA TOOL STEEL CO., E. H. Passmore, Mgr ‘hicag 
DANLY MACHINE SPECIALTIES, INC., Philo H. Danly, Vice-Pres................ Chicago 
FORD CO., J. B., C. S. Tomkins 
GORDON CO., Claude S 
GOSS PRINTING PRESS CO., M. W. Brueshaber, 2nd Vice-Pres 
HOUGHTON & CO., E. F., H. G. Lloyd 
INGALLS-SHEPARD DIVISION OF WYMAN & GORDON CO 
INTERNATIONAL HARVESTER CO 
INTERSTATE IRON & STEEL CO., J. MacKenzie 
KLOSTER STEEL CORPORATION, Einar Lindeblad 
LINDBERG STEEL TREATING CO., A. N. Lindberg, Pres 
LUDLUM STEEL CoO., P. E. Floyd, Dist. Mgr 
McGILL METAL CO., Frank R. Schubert, Vice-Pres................eee00: Valparaiso, Ind 
METAL LUBRICANTS CO 
PERFECTION TOOL HARDENING CO icagi 
PUBLIC SERVICE CO. OF NORTHERN ILLINOIS, Emerson A. Chicago 
PUBLIC SERVICE CO. OF NORTHERN ILLINOIS, W. F. Miller Chicago 
VANADIUM ALLOYS STEEL CO., W. R. Mau, Dist. Mgr Chicago 
Wee Cao COu, Jd. A, TONG, Tes cc cece cower sect Geese becewes La Salle, Ill 


Chicago 


ne oe PS SC ears 


Chicago 


a 


noe 
ae 


CINCINNATI CHAPTER 


ee ee, Sk a ss obo. 0-b.00.4 0 04664608 eeanhenédhbuworebak. Cincinnati 
ALLIS-CHALMFRS MANUFACTURING CO Cincinnati 
Rs «eee Betas CO, We Ow BOCK ces cc cvctewecnscccccbe dic Middletown, Ohio 
TED Re OIDs cccencnccccecsavenasdecestessvccccvcsccteagunice os spre, RY. 
CINCINNATI BICKFORD TOOL CO., A. H. Tuechter, Pres Cincinnati 
CINCINNATI MILLING MACHINE CO Cincinnati 
COLUMBIA TOOL STEEL CoO., F. A. Terry, Dist. Sales Mgr Cincinnati 
DRESES MACHINE TOOL CO, Charles E. Gilbert, Pres. and Gen. Mgr Cincinnati 
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CRUEN NATIONAL WATCH CASE CO., Carl W. NE Finn's cn ge te awe es Raut Cincinnati 

, LODGE & SHIPLEY MACHINE TOOL CO., Fred Schoeffler............eceeeeees Cincinnati 

al interest in TILES TOGEs ME Nab vb AE Gin GA8 so LOL owen yee = tales angen txioe ys Hamilton, 0. 
an $25.00 TOOL STEEL GEAR & PINION CO..... cee eee cece e eter teen eee e eee en ee enees Cincinnati 
; J, S. PLAYING CARD CO..... cc cece ese e eect eee e cece ene eneeeenteeeeeeeee Cincinnati 


BRIDLE CO., We S.ccesecceccccsccccceseccccscrcersseseseesescseseastenseees Cleveland 
. Sheffield, Englana CASE SCHOOL OF APPLIED SCIENCE, Dept. of Met. & Min. Engr.........-.++. Cleveland 
hicago Heights, 11), CLEVELAND WIRE SPRING CO., Chas. H. Erickson...........00ceeeeeeeeeeeees Cleveland 
wee eeeesees, Boston CLEVELAND WROUGHT PRODUCTS CO., THE.......... 0 cece cece eens rereeee Cleveland 
a harleston, W. Va. COLUMBIA TOOL STEEL CO., G. C. Beebe, Dist. Mgr..............-- Chicago Heights, Il 
++. Shreveport, La. DARWIN & MILNER, INC., Victor Tlach, Pres...........seeceeerecerercreeeeee Cleveland 
-+++Lockport, N. y, *ARRELL CHEEK STEEL FOUNDRY CO., John E, Sweet...........--++eeeeeeee Cleveland 
eked Aliquippa, Py. LATROBE ELECTRIC STEEL CO., Percy W. Fenner, Dist. Mgr.......-.-+-+++++ . Cleveland 
MARQUETTE METAL PRODUCTS CO., Herbert Gleitz.......- 00. e eee eeeeeeeeeee Cleveland 
NATIONAL TOOL CO., ©. G. SIMMONS. 2... cess vcccsocgcvcccccevccsseessesesevs Cleveland 
: WARNER & Tere Mica oars vawibbne Riot so cckepoks tances taekehusess0 0+) Raum Cleveland 
fa., Springfield, Mass, WHEELOCK, LOVEJOY AND CO., INC., E. C. Bartlett, Dist. Mgr..........-6.05. Cleveland 
PS Sew 4 Boston 
Oe Chee w des o Bos , : 
es: — COLUMBUS GROUP | 
bemies.< Quiney ass 
ager... “ c — BERRY BROTHERS ...........sceceecececcecencrcceseecesereeeceeeees Columbus, Ohio 
w Eng...... Boston RONNEY-FLOYD CO. POeeeee ee eee ee Columbus, Ohio. ’ 
tae ce, Boston BUCKEYE STEEL CASTINGS CO., W. C. Speck.........+00+e+04++0++++-Columbus, Ohio 4 
.Franklin, N. H COE ATRERIG TEs ES, PUI. wes: Dd nein wee oe gee ine awe alate em BiG sl eeib-are Salads. a Columbus, Ohio j 
oe es South Boston JEFEREY DOee 0r; TE W... he Torah ice nonin R04 0 vile 0 died «0550 0.90 eng een 
ee ele ats. Boston KAUFFMAN-LATTIMER CO. occ cece cae e cece rere eee e eee e eee eeeeeees -Columbus, Ohio 
ee eee Boston RALSTON Stee Ose OF. B.. B. Deer cic tawdceve csvcviscsedhslet dai eee 
hes Boston 4 
TiGheaepee _— DAYTON CHAPTER 
rv Oas ee - Boston CITY MACHINE AND TOOL WORKS, T. J. Mullen.................+.+..+.+--Dayton, Ohio 
++ ++-Laconia, N, H. DAYTON POWER AND LIGHT CO., O. H. Hutchings. ..............ceceeeees Dayton, Ohio 
Hee eseccsees Boston DELCO REMY CORP., R. J. Emmert..............ccccccecccecccccccvccccssDayton, Ohio 
ae ae DORK) We I, OM OE, os was ate eccanieseaeh eaesvats weabese Dayton, Ohio 
eee avery: Mame. DURTROM Gti, Me. Wh Me IRIE coc cc cccs ccc ccb cc ccncecensvecstue sence sina 
ce eseek outh Boston CHIC WADI MPM Gs cw co cece co ceccvecccesccnvge sacceesces cole anae 
Ee ers SFr sae THE OHIO BAT TREATING CO., Harry Tarfierl..... ...ccsccccccavcccvcecce Mey SemIO 
eceeeeceeceeces Ss 
pane ahesaate Cambridge 
a ewes es Boston DETROIT CHAPTER 
ALIBGU EIS Se CN hb os bce NRER Sue EN ta sete eas so eee Kode eine SW Brackenridge, Pa. 
ATLAS Sees Secs, ae CRU. is Oks F ce clnis oe ediews 6 -¥e sens cawseenmews Detroit 
Maen ke v's Chicago BETHLEHEM STEEL, CO... cc ccccccccecccccccccesccccccccssesesccessccnsecces seRnOne 
Eee wa dees Chicag» AN io Me ee ee eer ere eee ere ee eee TS ll 
is Chicago CENTRAL STEEL CO., Arthur Schaeffer, Dist. Sales Mer..................... Massillon, O. 
gpa tate xh Cicero, Ill, COLUMBIA TOOL STEEL CO., Alex. Luttrell, Dist. Mgr..............ccccccce00-Detroit 
..+ Dunkirk, N. Y. DEARBORN Girne. O07, ©. 1, TORO, ep. ois ccc cigic cs icnc cbse cea eees cues Detroit 
eo Chicago DODGE Ba Es os 0.< 5: ais a 0% eae ae Od e's Sain elev 0-4 0.0'Wis'o 0 :0am came tie ea <-S 
Ree Be aw os Chicago DRIVER-HARmre Oe, We Me, Divine, TSG Bes ook és sinic dc cee cine ssc ees ono 00:0 00.25 
ae te a Chicago ELECTRIC FURNACE CO., F. J. Peterson, Sales Engincer..................-.....Salem, O. 
ee Chicago FORD CO., J. B., ©. R. Beaubian, Galee: Piers osc cswcsccsccccccsccceccces WHMNGOELE, BEDOM. 
eS Chicago GENERAL ALLOYS ©0., A. I. Getiimell, Betroit Mage. o.ooco ccc ccc cece cveecasecceecekee 
aan econ Chicago HAGAN COMPANY, GEORGE S&., J. Sandberg..........ccccccccccsccsvccccseces sDOtroit 
DOA cn decd ae Chicago HOLOROPT Ga. Te. Bn, BRR Fe ao i Sie a lbs cm cle «0 dinkigie 9d 6.0.5.6: ve crac wy «2 
ihe aierbr Harvey, Ill. HOUGHTON & OO., BB. F., B. B. Cresemen, Dist. Bales Mer... ....cccccccscccc costes 
peas 445 oe Chicago HUDSON. Den (RMIT S Sad cutie ic se ke she W he 6 ory a6 O65 discs ccceetcae ee ee gn 
eee wac es Chicago HUPP MORGr ce Coren... is WEEE, Oa ie kc icc ccc ces cece ccccscielne soe scene 
RE a Paces’ Chicago LUDLUM STEER CO.,.d. E.. Pothemus, Dist. Mar... ccccccscccccccscocces Watervilet, Bm, 2. 
ee Chicago PAR ‘CRIS oc 5 serie eag F eoew Se Bes Oy ow G) saw Salt wscibiy. bla 616 ois ives gts 
i A Chicago gaia RM ee er ee Pees eer ere 
.... Valparaiso, Ind. RICE We Sica aid bac be kde ene weer h besa g ds cde ee e¥ ck ented sven cence asker Detroit 
ee Chicago aie Gy SP eer ee et 
fepleiaeahierniaes Chicago RODMAN CHEMICAL CO., G. A. Webb, Dist. Mar... ..cccccccccccccccccccccesee s CRON 
ei ile wae Chicag® ROESSLER & HASSLACHER CHEMICAL,CO., Alfred C. Stepan, Dist. Mgr...... New York City 
the ait saa Chicago SOUTHERN MANGANESE STEEL COMPANY, E. M. Porter...........+++++++++++ Detroit 
Beet Adh in evera) wise Chicago STEEL CITY TESTING LABORATORY, H. A. Weaver.........-.eseeeeeeeeeeeees Detroit 
bweals La Salle, Ill STEEL TREATING EQUIPMENT CO., G. C. Nixon, President....................-Detroit 
SURFACE COMBUSTION CO., Henry M. Heyn.........ccececeeeeeseteeeeeeencees Detroit 
SWEDISH CRUCIBLE STEEL CO., H. K. Nixon, Rep..........ccccecceccccecevces Detroit 
UNITED FORGE AND MACHINE CO., S. M. Wetmore ..........eeeeeeeeeeeees Detroit 
i: ere Cincinnati VANADIUM ALLOYS STEEL CO., R. R. Artz........- ee eee eee e cece eceeeeeeses es Detroit 
aes Cincinnati WILFORD, DW s ounce vesews Ciedoedesvceeevedcrndscseeceseveeess ses 6 Ain 
* Middletown, Ohio WIRE INDUS, Sieewed OE, Wiles iss ican ccc es cciesccaeencscsnvisveetwsnn Detroit 
......Newport, Ky. 
SEITE ineinnat FORT WAYNE GROUP 
ee ere Cincinnati INTERNATIONAL HARVESTER CO.... .......-.ceceecceeseceesseeesees Ft. Wayne, Ind. 
ad eae ewe Cincinnati 


NORTHERN INDIANA PUBLIC SERVICE CO.............eccceeeeeeeees Fort Wayne, Ind 





TRANSACTIONS OF THE A. 8. 8. T. June 


GOLDEN GATE CHAPTER 


AMERICAN CAN CO., Oscar Malmquist, a S. F. Mach. Shop San Francis 

AMERICAN FORGE CO., Joseph Eastwood, Pres... San Francis, 
BETHLEHEM SHIP BUILDING CORP., LTD., E. Essner San Francise 
CATERPILLAR TRACTOR CO., J. V. Munro... Peoria TIL 
COLUMBIA STEEL CORP., William Cohn, Assistant General Superintendent. - Pittsburg, Calif 
HALL SCOTT MOTOR CAR CO Emeryville, Calif. 
JEWELL STEEL AND MALLEABLE CO., Theodore A. Haase San Francisco 
JOHNSON GEAR CO Berkeley, Calit 
KNAPP, J. H., J. R. Gearhart, Mgr San Francisco 
LUDLUM STEEL CO., George Batten, Sales Mgr San Francisc) 
MACAULAY FOUNDRY CO., H. C., William Olsen, Superintendent Berkeley, Calif 
PACIFIC FOUNDRY CO., John S. Fowler, Metallurgist San Francisco 
STOCKTON FIRE BRICK CO., V. R. Sullivan 


Stockton, Calif. 
HARTFORD CHAPTER 


CARPENTER STEEL CO., C. W. Olson, Dist. Mgr Reading, Pa 
COLLINS CO., Guy Whitney, Plant Engineer Collinsville, Conn. 
COLUMBIA STEEL & SHAFTING CO., H. C. Booth, Rep Hartford, Conn 
DYOCAST STEEL CO Collinsville, Conn. 
rr Cr. 2h i Ct ashned cesses ee beeeses cececet New Britain, Conn. 
FIRTH-STERLING STEEL CO., Henry I. Moore Hartford, Conn. 
FRASSE & CO., INC., PETER A., Edward H. Bohnet Hartford, Conn. 
HARTFORD CITY GAS AND LIGHT CO Hartford, Conn. 
HARTFORD ELECTRIC LIGHT CO Hartford, Conn. 

New Britain, Conn. 
McINTYRE MACHINE CO., John J. McIntyre Hartford, Conn. 
NEW DEPARTURE MFG. CO., L. A. Lanning Bristol, Conn. 
NEW DEPARTURE MFG, CO. (Plant A), Carl Anderson Bristol, Conn. 
NEW DEPARTURE MFG. CO. (Forge Plant), William Klenke Bristol, Conn. 
NEW DEPARTURE MFG. CO. (Plant C), F. Casey.........ccccesccceccees Elmwood, Conn, 
NEW DEPARTURE MFG. CO. (Plant C), W. E. Steimreich.................. Meriden, Conn, 
PRATT & WHITNEY CO Hartford, Conn. 
PRATT & WHITNEY AIRCRAFT CO., Andrew Wilgoos Hartford, Conn. 
ROCKWELL CO., STANLEY P Hartford, Conn. 
HENRY SOUTHER ENGINEERING CO Hartford, Conn. 
SPENCER TURBINE CoO., S. E. Phillips, Secy Hartford, Conn. 
STANDARD STEEL AND BEARINGS, INC., James E. Melson, Gen. Supt... .Plainville, Conn. 
STANLEY WORKS, Malcolm Farmer, Vice-Pres. and Gen. Mgr.......... New Britain, Conn. 
UNDERWOOD COMPUTING MACHINE CO., Otto Thieme Hartford, Conn. 
UNDERWOOD TYPEWRITER CO., INC Hartford, Conn 
UNION DRAWN STEEL CO., R. K. Newman, Secy Hartford, Conn. 
UNIVERSAL STEEL CO., M. W. Singer, District Manager Windsor, Conn. 
WHITNEY MFG. CO., J. C. Chapman, Rep Hartford, Conn. 


INDIANAPOLIS CHAPTER 
ADAMS CO., THE J. D 


Indianapolis 
BEACH, CLARENCE H Indianapolis 
CARPENTER STEEL CO., H. J. Joyce Indianapolis 
CRUCIBLE STEEL CO. OF AMERICA, C. W. Mayer, Dist. Mgr Indianapolis 
GENERAL ALLOYS CoO., A. D. Heath, Dist. Mgr 
HOLLIDAY & CO., W. J. Jack Holliday, Jr., Secy 
KELLEY CO., J. W., J. E. Burns, J Indianapolis 
MULL, JR., CO., J. W., General Manager, J. W. Mull, Jr Indianapolis 
MUNCIE PRODUCTS DIVISION—GENERAL MOTORS CORP., D. 0. Thomas, General 
Manager Muncie, Ind. 
ROSS GEAR & TOOL CO., David E. Ross, Vice-Pres. and Gen. Mgr Lafayette, Ind. 


LEHIGH VALLEY CHAPTER 
BETHLEHEM STEEL CO Bethlehem, Pa 
CARPENTER STEEL CO Reading, Pa. 


INGERSOLL-RAND CO., G. M. Forrest, General Superintendent Phillipsburg, N. J. 
SHIMER CHEMICAL CO Easton, Pa. 


Indianapolis 


AXELSON MACHINE CO Los Angeles 
BETHLEHEM STEEL CO., L. 

COLUMBIA STEEL CORP., J. R. Cooke Torrance, Calif. 
HUGHES TOOL CO Los Angeles 


Los Angeles 


KNAPP, JAS. H Los Angeles 
LUDLUM STEEL CO., J. H. Spade, Dist. Mgr Los Angeles 
NELSON, WILLIAM ELY Los Angeles 
PLOMB TOOL CO., Morris B. Pendleton Los Angeles 
REGAN FORGE & ENGINEERING OO San Pedro, Calif. 
WARMAN STEEL CASTINGS CO., C. J. Wild Los Angeles 


MILWAUKEE CHAPTER 


CARPENTER STEEL CO., C. W. Windfelder Milwaukee 
COLUMBIA TOOL STEEL CO., Robert B. Scheid Milwaukee 
HEVI DUTY ELECTRIC CO., E. L. Smalley Milwaukee 
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sIVYER STEEL CASTINGS COMPANY, R. Bcc snctabdeieseSeee eseenae 
SMITH CORP., A. O., OC. B. Langstroth..........eeeeeeeeee creer ces eeeeeecess 
THURNER HEAT TREATING CO., R. J. IED: cha c.4 0 oceans ea px eae aie . -Milwaukee 
WESLEY STEEL TREATING OO., Charles Wesley, Sr., Pres..........eeeeeeeeees Milwaukee 


MONTREAL CHAPTER 
HULL IRON & STEEL FOUNDRIES, LTD., A. H. Coplan.............+. Hull, P. Q., Canada 





NEW HAVEN CHAPTER 


BRISTOL CO., H. H. Bristol, Vice-Pres........-seeeeeeeereeceeeeeeeerees Waterbury, Conn. 
CHASE COMPANIES, INC., H. G. Keshian........-.-.-eeee sees eceeeeees Waterbury, Conn. 
CRUCIBLE STEEL COMPANY OF AMERICA, F. J. Dawless, Sales Manager. .New Haven, Conn. 
EASTERN MACHINE SCREW CORP., T. W. Ryley, Treas.........++- New Haven, Conn. 
GEOMETRIC TOOL CO..... cece cee eee e eee e cence nee seeeeeeeeeeeees New Haven, Conn. 
HEPPENSTALL FORGE CO., C. J. Sauer, Gen. Mgr......--.--++eeeeeeees Bridgeport, Conn. 
MILLERS FALLS CO., W. H. Shortell, Factory Mgr.......--+-++++eeees West Haven, Conn. 
NEW HAVEN CLOCK CO., W. E. Chamberlin, Supt..........+-++e+0. New Haven, Conn. 
0. K. TOOL CO., R. S. Young, Metallurgist..........-esee eee eeeeeeeeeeenses Shelton, Conn. 
PAGE STEEL AND FLAGG CO... 1... cece eee cece eee e eee e eee cenees New Haven, Conn. 
REMINGTON ARMS CO., INC., L. J. Hermann, Works Manager........-- Bridgeport, Conn. 
SEYMOUR MFG. CO... ..ccccccccccccccccccescececsecssensesecessessces Seymour, Conn. 
SOUTHINGTON HARDWARE CO., William E. Smith, Gen. Mgr........ Southington, Conn. 
WALLACE & SONS MFG. CO., R., C. D. Morris, Superintendent......... Wallingford, Conn. 
WINCHESTER REPEATING ARMS CO... ...... cece ec ee rece cece eeeeeee New Haven, Conn. 
NEW YORK CHAPTER 
AMERICAN GAS FURNACE 00... ccccccccccccccceverescecccsseccsicece Elizabeth, N. J. 
BARCOCR, Be. Pe iv 6.a's v0.4.8 064.05 00.559 66 664550005 0004 ios Rc eHReeE New York City 
CLIMAX MOLYBDENUM CO., J. D. Cutter, Vice-Pres. and Metallurgist...... New York City 
CRUCIBLE STEEL CO. OF AMERICA... .ccccccccccccccvccccccevcccenes New York City 
CRUCIBLE STEEL CO. OF AMERICA, A. T. Galbraith, Mgr. of Sales........ New York City 
DRIVER-HARRIS CO., H. D. McKinney........cceeecececcrcereecccccvces New York City 
DRIVER-HARRIS CO., J. B. Shelby, Sales Engr...........e cece eeeeeenene Harrison, N. J. 
FIRTH-STERLING STEEL CO., Donald G. Clark.........--ecee eee eecceees New York City 
GENERAL ALLOYS CO., R. M. Kirk, Rep........ceeccccccceccccccevceces New York City 
HARDITE METALS, INC., J. A. Delves........cccececcceccrcccsccccevens New York City 
INTERNATIONAL NICKEL CO., A. J. Wadhams...........eeceeeeeeeecees New York City 
LEITZ, INC., E., A. Traeger, Pres.......eceeeee ec ecerecererereseececees New York City 
ROCKWELL CO., W. S., W. S. Rockwell. ........eeeceeeeceesecccecevesens New. York City 
RUSSELL, BURDSALL & WARD BOLT & NUT CO., Wm. D. Rigney....Port Chester, 2 
SURFACE COMBUSTION CO., Paul Dorchester, Rep........-..ee cece eeeeees New York City 
UDDEHOLM COMPANY OF AMERICA, N. A. V. Paulsson..........+-+++- New York City 


NORTHWEST CHAPTER 





AMERIOAN HOIST & DERRIOK 0... cccvcccccccccccspocvvccccccevcssosescces St. Paul 
ARROW HEAD STEEL PRODUCTS CO., F. C. Bahr, Vice-Pres. ........+eee05 Minneapolis 
AUTO ENGINE WORKS, INC., J. D. Mooney, Pres..........eseeeeeeceeececercce St. Paul 
BRIGGS, O. P. wcccccccccccccccccccccccccscccccceccsccccescccccsceseeeeees Minneapolis 
MINNEAPOLIS ELECTRIC STEEL CASTINGS CO.........e cece cece cece eeees Minneauolis 
MINNEAPOLIS HEAT REGULATOR CO., Erik O. Wistrand...........+++-ee0+ Minneapolis 
MINNEAPOLIS STEEL AND MACHINERY CO., Novell Barnett........-.+--++- Minneapolis 


STEEL CASTING CO., Albert G. Zima.........---++5: Minneapolis 
PHILADELPHIA CHAPTER 


WESTERN CRUCIBLE 





























RAP 4 Oe ee eee ee eRe REE ee Philadelphia 
AJAX ELECTROTHERMIC CORP., G. H. Clamer, Pres..........csceeececees Trenton, N. J. 
AMERICAN ENGINEERING CO., H. A. Peck, Rep........ceccscccccscccceces Philadelphia 
AMERIORD Fars e Cs 0.60 0s cae ccc ce sewe seb daenccccecccccesecdacceeeenes Philadelphia 
AMERICAN RESISTOR CORP., J. A. SI, NI. ania. a alidigle ate acepienataie aOCneee Philadelphia 
ATLANTIO REFINING CO., R. D. Leonard, Vice-Pres. and Gen. Mgr..........++. Philadelphia 
ATLANTIC STEEL CASTINGS CO., W. A. Faisom......cccccccescccccsccccvee Chester, Pa. 
BROWN INSTRUMENT CO., George W. Keller, Sales Mgr...........-.seseeee- Philadelphia 
BUDD MANUFACTURING CO., E. J., Wm. J. Meinel.........-. 0c eee eeenees Philadelphia 
CANN & SAUL STEEL CO., David 8S. Cann, Pres.......-.sseececcssccceevccces Philadelphia 
CARPENTER STEEL CO., H. B. Gaylord, Dist. Mgr..........ceceeeeeeececes Philadelphia 
DELAWARE VALLEY FORGE CO., INO..... cc ccccccccccvccccccsccvcscces Philadelphia 
DISET a UN MONIT no. 6 0.6-5650'p 04 0 0 0 650 01 6 00 0100.0 0.000.000 Oa Mes wim Philadelphia 
EDGCOMB STEEL O©0O., INC., C. H. Storm.......cccccccccsccceecseccseces Philadelphia 
RINWECHTER & WYETH, N. C. Einwechter.............-eeseeeeeeeeeeerens ae 
FLORENCE PIPE, FOUNDRY & MACHINERY CO........-..eeeeeeeerees Florence, N. J. 
FOX AUTOMOTIVE CORPORATION, Fred Henke............-.seeeeeeecees Philadelphia 
FRASSE & CO., PETER A., A. B, Mead... ...cccccccccseccsvcescccnscceccccce Philadelphia 
FULMER AND GIBBONS, George Bierschenk..........--0eeeeeeeeeeeeeeeees - Philadelphia 
HOUGHTON & OO., E. F., Charles E. Carpenter...........eeeeeeeecececccnee Philadelphia 
JOHN ILLINGWORTH STEEL CO., Clarence Illingworth, Pres...... Frankford, Philadelphia 
KEYSTONE LANTERN CO., Nathan H. Davis, Treas...........+++sseerseeees Philadelphia 
KNOX MANUFACTURING CO., A. L. Dold, President.............-seeeeeeees Philadelphia 
LEEDS & NORTHRUP CO.........ccccccccccccccccccnceeeeeseseseveseweres Philadelphia 


LEFAX, INO., John ©. Parker......cccccccccccccsccvccsccscsecesscsccccces Philadelphia 
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en ee. Ge, UO, 4 «0 cack Pda ends oes ee ek abdeal cedeens Nicetown, Phil: 
MORRIS, WHEELER & CO., INC., A. A. NE cok<cicuart fst) .at.4,--* Fe 
PETROLEUM GAS EQUIPMENT CO., W. S. Aylsworth, Pres................. Philadelohi. 
CE PE Be ce oe, ae tat eee *** Philadelohi, 
PHILADELPHIA ELECTRIC CO., C. E. Russell, Industrial Heating Engineer... Philadel. 
PHILADELPHIA GEAR WORKS, Robert J. Coulter.............-..........., Philadelbhi, 
POTTS & CO., HORACE A., Arthur L. Collins........... 000s cccceeeeeeec eee, Philadelphia 
ROWLAND, INC., WM. AND HARVEY a 


ee a Oe Oe inc cecertisreseeenn Philaaeot 
SAMUEL & OO., FRANK, Snowden Samuel............00ccscccceeeee eee eee, Philadelphi, 
STANDARD PRESSED STEEL CO., Wesley 0. Reinhard............--..-... Jenkinton, Py 
i Le os wecidiia Mu balbalila oh Bridgeport’ P, 
SCHUTTE AND KOERTING COMPANY, H. ©. Woodward.........00000000220., Philadelphi 
THWING INSTRUMENT CO., A. S. Hall -” 


ein Le aatee dicate weaabaaadraeee awk «5 Philadelph 
oe een oy Uhaiiame cubeawcne. . Philadelohs 
WIEDEMANN MACHINE CO., John Leafstrom.......-.-+--... ss eeee eee eee, Philadelphia 
SS 0 Chester, Pa. 
WOOD IRON AND STEEL CO., ALAN, Ledyard Heckscher, Pres.............. Philadelphia 


PITTSBURGH CHAPTER 
BACHARACH INDUSTRIAL INSTRUMENT ©O., L. L. Vayda, Representative... . Pittsburgh 


BRAEBURN ALIOY STEEL CORP., H. ©. Williams.......ccccceccsccccccs Braeburn, Pa, 
Cpesemne Games OO., Georen F, TeeGes, Pres... oon cess cece setccscccccsccce Pittsburgh 
DUQUESNE STEEL FOUNDRY COMPANY, W. E. Troutman................ Ccraopolis, Pa, 
ns CM, «cake Caley 6 45 6040 80d sa Sande Chm eal Wad s-c McKeesport, Pa, 
a. 2 sg 2B Se) ee OR erate err re Pittsburgh 
i eee «Oe I ON ss da donee 40 65 Sawitesewisieges ee esecesiens Pittsburgh 
rr er i i 2 PN. 5. ane 06-08 Seo Ub ae eb eeee'e oe hae Pittsburgh 
ee Ss ns a Sa nse ann nod hale Se Meee eke Sees Pittsburgh 
a ssn kc dha dw e'uw wiee'sle:s «64: aden A Pe ead es Re oes Latrobe, Pa. 
re ee a Ng a ales vividis odo Ned Oba eee oe Vibes heeees Pittsburgn 
ow BO SE errr re reer ee red fered eee Pitisburgh 
MAG cere een metas O07, J. BR. PRGtPOOR. occ ccc cee cecwvcesdscocwcsers Pittsburgh 
MATTHEWS CoO., JAS. H., H. R. Wade, Supt.......ccescceccccccccsecceccvens Pittsburgh 
oo, OR SE a eee Tee eT EET CE Tee Pittsburgh 
OLIVER IRON & STEEL CO., James C. Rea, Vice-Pres......... cece ecececevccees Pittsburgh 
PITTSBURGH ROLLS CORP., Q. S. Snyder, Vice-Pres.... 1.2.22. cece seccerccees Pittsburgh 
PITTSBURGH VALVE FDRY. & CONST. CO., J. LeRoy Tanner, Gen. Mgr........ Pittsburgh 
RODMAN CHEMICAL CO., Hugh Rodman, PresS.........ccccccccccccecssseesens Pittsburgh 
UNION DRAWN STEEL CO., J. D. Armour, Metallurgist............... Beaver Falls, Pa. 
UNION ELECTRIC STEEL CORP., C. B. Ferree, President. ...........0eeeeeeees Pittsburgh 
CPs ee MIMIOOD CDs so in.n's cas toe 00.8.0 be cnc Uae Dee E Ce SH OG eee eesnceuss Pittsburgh 
UNION SWITCH & SIGNAL CO., O. W. Buenting, Works Mgr.............. Swissvale, Pa. 
UNITED ENGINEERING & FOUNDRY CO., F. C. Biggert, Jr., Pres............ Pittsburgh 
UNIVERSAL STEEL CO., H. M. German..........ccccccecccrcesscsvvces Bridgeville, Pa. 
VANADIUM-ALLOYS STEEL CO., Roy C. McKenna......... cece cece ee ee ee eeee Latrobe, Pa. 
VANADIUM CORP. OF AMERICA, B. D. Saklatwalla, Gen. Supt.......... Bridgeville, Pa. 
VULOAN CRUCIBLE STEEL, O00... ce cccccsvccccccwccccvcerceevcressccoed Aliquippa, Pa. 


WESTINGHOUSE ELECTRIC & MFG, CO... . cece eee eee eee ee ee ee eee eeeenes Mansfield, 0. 


RHODE ISLAND CHAPTER 


CONTINENTAL WOOD SCREW CO., P. Sweeney, Treas. and Gen. Mgr........ Providence 
Cee eee, es Big, ee. GE; A, GC BP i kn os ee a adits ence ve’ Pawtucket, R. [. 
Gee ee das Os ON bccn. oak. a cee Bbc e nlele 6500 ste bin ba boob Ses Cee e ewe Providence 
ee ee EE IN one cee cheese SOF Eee e CRE eds ese eRe SERENE SS Providence 


WASHBURN WIRE OO... cc cccccccccccccccecssececeeccrccccseeness Phillipsdale, R. I. 
ROCHESTER CHAPTER 


AMERICAN LAUNDRY MACHINERY CoO., A. K. Dean................... Rochester, N. Y. 
aes Gf Rae Gee a eee OO... W. En POGhereetn ccc csc ccccscscwowccecs Rochester. N. Y. 
ee ey AO RUUD. cnt wigwlek cuales wo wide be 0's cesses ewan Rochester, N. Y. 
NORTH EAST ELECTRIC Co., T. L. Lee, Chief Engineer................. Rochester, N. Y. 
ROCHESTER GAS & ELECTRIC CORPN., Edward L. Wilder.............. Rochester, N. Y 
STROMBERG CARLSON TELEPHONE MFG. CO., G. A. Braddock.......... Rochester, N. Y 
TAYLOR INSTRUMENT COMPANIES, P. R. Jameson, Supt............... Rochester, N. Y 
ROCKFORD CHAPTER 
I a hare ee Bcd eae enn piv vs fpcaich at os gle MAP ea Rockford, Il. 
ELOCO TOOL & SCREW CORP., H. O. Swanson, Secy...........ccccccccccecs Rockford, Ill. 
re re meee. Weer, OC, Ep, BERRI, 04... cece ccdecweuseabesncé Rockford, Ill. 
I a hd oad lag © orem ad aoa tees 6 OR aCe Rockford, IIl. 
ROCKFORD ELECTRIC CO., Roy H. Larson, Power Engr. Sales.............- Rockford, Il. 
ee i ou cis eed ow toe 64 .0i8.0 0.0 + we ae hee ae aces Rockford, Ill. 
sh Be. we. Re Oe Re rrr er reer ere re Rockford, Ill. 
ee EE a go bc a we ee 8 BGs vote t ddlecrciur a ace eseeeneet Beloit, Wis 
SCHENECTADY CHAPTER 
fo 8 A Re a ee nes Ee ne eee we Watervliet, \'. Y. 
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Wows Philagen SOUTHERN TIER GROUP 
; 'p tiladelphig 
IIIT pide CENERAL ALSOUG OO, Willow 0h Gis <n xccrcectancncas ss essvdevenses cong 
ineer... Phila ae 
Dictasa. Philadephi SPRINGFIELD CHAPTER 
Pee ei es 1 adel phi; ; 
Rieepaiet bu Philadelphia spRINGFIELD GAS LIGHT CO., E. L. Woods, Ind, Gas Eng............... Springfield, Mass. 
Pee esas nt adelphig ' 
Stereos. Philadel] yI ; mn 
ae col Jenkinton, Pa ST. LOUIS CHAPTER 
Pebeo ridge > 
Bit aera Philade — \TLAS TACK CORP., G. C. Hall, Gen, Mgr... .... eee cece cece cc eeneeeeeteenes . St. Louis 
eects Philadelphi, CENTURY ELECTRIC CO., R. B. Hickey...........sscccccccscccceeeccceessseeSte Louis 
hakiEviers « Philadelphia CURTIS & CO. MFG. CO., F. Ackerman, Vice-Pres. and Wks, Mgr.......++++++++ -St. Louis 
eas ia: Philadelphia LACLEDE GAS LIGHT CO., W. H. Whittom...........cccceccccececsccccscesee cies Moule 
I Chester, Py. LACLEDE STEEL CO., W. M. Akin, Asst, Gen. Supt..........0.eseeseeee+++++Alton, ML. 
Ss a Philadelphia LESCHEN & SONS ROPE CO., L. T. Clarke. ..........cccccccceccceeseccereces Ste Louis 
: NATIONAL ENAMELING & STAMPING CO., G. H. Niedringhaus, Wks. Mgr. .Granite City, nl. 
RYERSON & SON, INC., JOS. T., H. B. Ressler, Mgr...........ceeescccceeeeenes St. Louis 
SCULLIN STEEL CO., H. E. Doerr, General Superintendent...........0-eeeeeeees St. Louis 
tative... .Pittsh SOUTHERN MANGANESE STEEL CO., E. F. Mitchell.............00eeeeee eens St. Louis 
AT Braeburn _ UNION ELECTRIC LIGHT AND POWER CO., T. S. Carter, Ind. Heating Eng......St. Louis 
De cain) Pittsbureh, WESTERN CARTRIDGE CO., H. S. Speir...........cceceeeesseceeseesess Hast Alton, Ml. 
a Ceraopolis, P; 
....MeKeesport, Pa SYRACUSE CHAPTER 
Tee ee bis « Pittsburgh 
ce ata pittsburgh meres AE OE ik a oi i al, din sng eh ekbon eke 
yee mee HALOOMB STBEEs OO... cccvescscccscccvccnuccsceccccccccssesccscccs sepememme, HM, ¥. 
oe ake Ittsburgh NEW PROCESS GEAR CO., INC..........ccee eee cectetcecececececesess Syracuse, N, Y, 
a ie: ashe Latrobe, Pa, 
Ree ewe ere 6 Pittsburgi . ' Th 
Beek, Pittsburgh TORONTO CHAPTER 
St ee PRODUCTION MATERIALS CO., LTD...........2005 eas cade vytea ead Toronto, Canada 
besa: sdiioas TORONTO HYDRO ELECTRIC SYSTEM, Thos. R. C. Flint...........0006- Toronto, Canada 
SP eee Pittsburgh 
Subtiuns Pittsburg, TRI CITY CHAPTER 
Mie se Pittsburgh 
‘sa> ++ -K ittsburgh BETTENDORF CO., J. W. Bettendorf, Prez...........cccecccccesccceeces Bettendorf, Ia. 
-- Beaver Falls, Pa. a oe ee ee Pr errr err re eer ere Moline, Ill. 
ned Fue es Pittsburgh a eee eee 
wanes ; +: Pittsburgh eT aE ae Oe ea eer 
oe ade Swissvale, Pa. PEOPLE'S: PORFERR ©O., Georme A. VRC. oo c ci ccc sce te te tae tele ne cee aeee 
ee - + + Pittsburgh To RS RR ear er TT ae Tire ee Moline, Il. 
+ —, Pa. ZIMMERMAN STEEL CO., A. K. Reading; Mgr....... ...seeeeeeceees ....Bettendorf, Ia. 
eee atrobe, Pa. YELLOW SLEEVE VALVE ENGINE WORKS, INC..............+..++.+.++East Moline, Ill. 









4 - Bridgeville, Pa, 
...+.Aliquippa, Pa 
occu Mansfield, 0 








WASHINGTON-BALTIMORE CHAPTER 



































BLACK & eee. Ss, Sota es I ss heb nw te Su Oe bbe w ee es «comes Baltimore 
DEARBORN Girne Ck, CO, A, Bei o ks okie ie Fic va See endive seve New York City 
s GATHMANN ENGINEERING CO., Emil Gathmann, Gen. Mgr............eeeeeees Baltimore 
ks scons Evevienee RUSTLESS ERGH OORPORATION GC AMIGA 6 icc ces cewccvesccinegeeen Baltimore 
-- Pawtucket, R. [. 
eteEate wre Providence ~~ ‘ . 
hg oe owe WORCESTER CHAPTER 
-Phillipsdale, R. 1. AMERICAN STEEL AND WIRE CO., R. C. Helm.............000.ceeeeees Worcester, Mass. 
BATE Bo es sa I a hie ahaa. ou .s dim 0 dail esse die o Bersales Worcester, Mass. 
BOSTON PReee METAL, OG, Bi TE COG ii ai soiicdcccceveccsccacions Worcester, Mass. 
iii BY HEALD MACHINE CO., A. A. Whitcomb, Wks. Mgr..............cceeee. Worcester, Mass. 
ieee’ N 7 LAPOINTE MACHINE TOOL CO... ..ccccccccccccccccccccccvcccceceescens Hudson, Mass. 
leuldie HOY LELAND-GIFFORD CO., A. J. Gifford... 2... cece cece cece cer eceeeeees Worcester, Mass. 
nei w Y. MORGAN CONSTRUCTION CO., 0. W. Johnson, Supt..............eeeees Worcester, Mass. 
einer NY NORTON COMPANY weet eee eee ee weer e ease ee eseeeeseeeeeeesseseeesens Worcester, Mass. 
“Reuhaster N y. ROCKWELL CO., STANLEY P., Wm. A. Stumpf...........cceseeseeeeee Worcester, Mass. 
Rochester. NY WHITINSVILLE SPINNING RING CO., S. F. Brown, Agent............ Whitinsville, Mass. 
* » N.Y, WORCESTER GAS LIGHT CO., R. J. Phelon, Ind. Gas Engr...........+..- Worcester, Mass. 
WYMA N-Ghaeee eT i ee caicabGaee abekeauaet cbeOuese bee xeckcotae Worcester, Mass. 








. - Rockford, III. 
.. -Rockford, III. 
..- Rockford, III. 
.. Rockford, Ill. 
. .- Rockford, Il. 
....Rockford, III. 
....Rockford, Ill. 
inne Beloit, Wis 






RULES GOVERNING THE AWARD OF THE HENRY MARION HOWE MEDAL 


The Board of Directors of the American Society for Steel Treating has established a 
fund to be known as the Henry Marion Howe Medal Fund, the proceeds of which shall be 
used annually to award a gold medal to be known as the Henry Marion Howe Medal. 
The award will be made as follows: 


(1) The medal will be awarded to the author of the paper which shall be judged to 
be of the highest merit. All papers in order to be considered must be published originally 
in the TRANSACTIONS of the Society during the twelve months ending August lst of the 
year in which the medal is awarded. 

(2) The competition for the Henry Marion Howe Medal shall be open to all. 

(3) The award shall be made by the Board of Directors. 

(4) The award may be withheld at the discretion of the Board of Directors. 
















Watervliet, \. Y. 
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AMERICAN SOCIETY for STEEL TREATING 


Standing Committees 


FINANCE COMMITTEE 


DR. ZAY JEFFRIES, Chairman 
Aluminum Company of America 
Cleveland 


Members: 


J. V. Emmons, Cleveland A. 0. Fulton, Boston 
J. M. Watson, Detroit A. G. Henry, Chicago 


PUBLICATION COMMITTEE 


PROF. H. M. BOYLSTON, Chairman 
Case School of Applied Science 
Cleveland 


RAY T. BAYLESS, V. C. and Secy. 
4600 Prospect Ave., Cleveland 


Members: 

Jerome Strauss, Washington 
E. E. Thum, New York 

B. F. Shepherd, Lehigh V’y 
A. W. F. Green, Philadelphia 
E. C. Bain, New York 


G. C. Lilly, Lehigh Valley 
C. M. Johnson, Pittsburgh 
A, H. d’Arcambal, Hartford 
8. C. Spalding, Syracuse 

J. L. McCloud, Detroit 


MEETINGS AND PAPERS COMMITTEE 


H. B. COLEMAN, Chairman 
Philadelphia 

RAY T. BAYLESS, Secretary 
4600 Prospect Ave., Cleveland 


Members: 


E. E,. Thum, New York 
E. C. Bain, New York 


CONSTITUTION AND BY-LAWS COMMITTEE 


S. M. HAVENS, Chairman 
Ingalls-Shepard Division 
Wyman-Gordon Co. 

Harvey, III. 


Members : 
W. P. Woodside, Detroit H. J. Stagg, Syracuse 
F. H. Franklin, Providence F., G. Hughes, Hartford 
O. T. Muehlemeyer, Rockford 


RECOMMENDED PRACTICE COMMITTEE 


W. J. MERTEN, General Chairman 
Westinghouse Electric & Mfg. Co. 
East Pittsburgh 


J. EDWARD DONNELLAN, Secy. 
4600 Prospect Ave., Cleveland 


. P. GiuL, Chairman 
Vanadium Alloys Steel Co., 
Latrobe, Pa. 


Members: 


H. M. Northrup, Detroit R. S. Archer, Cleveland 

J. H. Gibboney, Roanoke  P.C. Osterman, New York 
F. C. Langenberg, Boston G.H. Wright, Schenectady 
J. A. Mathews, New York 


SUB-COMMITTEE ON 


TOOL STEEL 
Members: 


C. I. Neidringhaus, Pittsb’h C. M. Johnscn, Pittsburgh 
W. H. Phillips, Pittsburgh DuRay Smith, Pittsburgh 
A. D. Beeken, Jr., Pittsburgh A. M. Cox, Pittsburgh 


Joseph Taylor, Pittsburgh 


SUB-COMMITTEE ON 


RELATION OF DESIGN TO HEAT TREATMENT 


. H. p’ARCAMBAL, Chairman 
Pratt & Whitney Co., 
Hartford 


Members: 

G. N. Prentiss, Milwaukee 
F. T. Quinlan, New Haven 
F. B. Lounsberry, Syracuse 


H. J. Stagg, Syracuse 
F. R. Palmer, Reading 
E. E. Chapman, Milwaukee 


SUB-COMMITTEE ON 


MEASURING CASE DEPTH 


. P. RockweE.uu, Chairman 
66 Trumbull St. 
Hartford, Conn. 


Members: 
R. W. Woodward, Hartford 


F. C. Raab, Syrcause 
R. J. Allen, Springfield 


B. F. Shepherd, Lehigh V’y 


SUB-COMMITTEE ON 


HEAT TREATMENT OF WATER AND OIL HARDENING GEARS 


. P. Ricnter, Chairman 
Central Alloy Steel Corp. 
Massillon, Ohio 


COMMITTEE ON 
. M. German, Chairman 


Universal Steel Co. 
Bridgeville, Pa. 


Members: 
S. C. Spalding, Syracuse H. B. Northrup, Cleveland 
H. M. Northrup, Detroit J. L. McCloud, Detroit 
W.H. Phillips, Pittsburgh L. A. Danse, Detroit 


HARDNESS TESTING OF METALS 


Members: 


H. F. Moore 
A. E. White A. L. Davis 
E. L. Wood E. E, Thun 
S. N. Petrenko R. T. Bayless 
H. L. Whittemore O. W. Beston 
S, R. Williams 


L. A. Lanning 
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SUB-COMMITTEE ON 
MECHANISM OF CEMENTATION 


Members: 


+ x Krivonok, Chairman W. B. Crowe, Pittsburgh Philip Emmett, Pittsburgh 
“Carnegie Institute of Technology W. I. McInerney, Pittsburgh P.C. Osterman, New York 
Pittsburgh T. H. Nelson, Philadelphia 


SUB-COMMITTEE ON 
HEAT TREATMENT AND CARE OF CRANE CHAINS 










Members: 
\ V. De Forest, Chairman A. P. Spooner, Lehigh Valley 
““,merican Chain Co. P. E. McKinney, Washington 





C. G. Lutts, Boston 


SUB-COMMITTEE ON 
HEAT TREATMENT OF STEEL CASTINGS 


Members: 


A. W. Lorenz, Milwaukee A. E. White, Detroit 
Fred Grotts, St. Louis S. C. Massari, Chicago 
A. T. Baumer, Milwaukee J. L. Carver, Chicago 
A. M. Jobnson, Chicago L. W. Spring, Chicago 
H. V. Cork, Chicago 


SUB-COMMITTEE ON 
HEAT TREATMENT OF WROUGHT ALUMINUM ALLOYS 
a. S, ARCHER, Chairman Members: 
Aluminum Company of America H. S. Rawdon 
Cleveland H. C. Knerr, Philadelphia 


JOINT COMMITTEE ON HEAT TREATMENT DEFINITIONS 
J. Fletcher Harper, Bradley Stoughton, W. J. Merten 





Bridgeport, Conn. 








\, NX. Conarrog, Chairman 
National Malleable and Steel 
Castings Company 

Melrose Park, Il. 





















\,§. S. T. Representatives 





SUB-COMMITTEE ON 
HEAT TREATMENT OF CARBON STEELS; 8S. A. E. SERIES 











\.E. BuzeLow, Chairman Members: 
Lamson & Sessions Co. E. M. Slaughter, Cleveland George Bierman, Cleveland 
Cleveland J.S. Ayling, Cleveland N. F. Tisdale, Cleveland 
INSTITUTE OF METALS COMMITTEE ON NONFERROUS DATA 
SHEETS 





Members: 


S. L. Wolf, Mansfield, O. 
T. S. Fuller, Schenectady 





k. $8. ARcHER, Chairman, 
Aluminum Company of America, Jerome Strauss, Washington 
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CINCINNATI CHAPTER 

A. Lucas, Chairman, 
Cincinnati Gear Co., 
Cincinnati. 

W. J. Lanag, Secy.-Treas., 
Cincinnati. 
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that they did three 
years ago—and Mr. 
© .. Freeland is still satisfied 

with them. 
Wherever you might inquire in the heat- 
treating field, you're very apt to find this same 
ne of satisfaction—satisfaction that comes 


OaD i ? 1926, Mr.F a rom Chrome! couples’ accuracy, long life and 
that they are using 25 


at y. Hoskins Pyrometers are of course 
to us again, saying t : equipped with Chrome! couples, but they can 
mei on production, in ‘tospe- be used with any meter, calibrated to fit them. 
cial ones in the laboratory. They evidently For details write to your pyrometer manv- 
are giving him the same good service today _facturer or to us. 


Chro- 


HOSKINS MANUFACTURING COMPANY 
4445 Lawton Avenue, Detroit, Michigan 


New York ci Cleveland Raston Sen Francisco 
Grand Centra! Terminal Gan Bhs. Leader News Bldg. Park Square Bldg. 1154 Marker Street 
Canadian Representative: Hicam Walker and Sant Metal Products. Led. Walkerville, Ontario 


The most widely used Thermo Couple Alloy 
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ADVERTISING SECTION 





Employment Service Bureau 


This bureau is for all members of the Society. Want ads will be printed at 
the following rates: minimum of 30 words $0.50; each additional word $0.02. 

This service is also for employers, whether members of the Society or not. 
Rates for this service are as follows: minimum of 50 words $1.00; each additional 
word $0.02. Fee must accompany copy. 

Address answers care of AMERICAN SOCIETY FOR STEEL TREATING, 
4600 Prospect Ave., Cleveland, unless otherwise stated. 


POSITIONS WANTED POSITIONS OPEN 


100L HARDENER with ten years’ experience in METALLOGRAPHIST, experienced in ferrous and 

jardening of dies, reamers, broaches, punches, jigs, nonferrous work for completely equipped metallurgi- 

and the heat treating of alloy steels. Address 4-35. cal department in large industrial concern. Location 
Sa New Jersey. Address 6-10. 





YETALLURGIST-CHEMIST, familiar with testing 
ind heat treatment of automotive steels, gray irom, Wanted Metallurgist-Metallographist. | Experience 
malleable iron and steel foundry practice, metal- with Alloy Steels desired. Give full particulars in 
lographic research, construction of furnaces, with 9 first letter concerning age, nationality, education, 
years’ experience and capable executive, wants re- oxperience and salary desired. Address 6-20. 
gonsible position. Address 4-30. aie aaa. 





CHEMIST, desires summer position with company SALES REPRESENTATIVE—We have several open- 


doing heat treating of alloy steels or as assistant in ings in our Electric Furnace Department. This 
metallographic research. My object is to learn as would offer an excellent opportunity for a Metal- 
much as possible about the heat treating and harden- lurgist or one thoroughly familiar with heat treat- 
ing of alloy steels. Salary $80. M. Sc. in Industrial ing. American Metallurgical Corp., 27 Von Hillern 
Chemistry. Address 5-20. St., Boston, Mass. Address 6-15. 


The Clearing House 


For the Sale of Used Equipment 


1 time 2 times 8 times 4 times 


1 inch’ ‘ $ 4.25 ; $ 4.00 
Rates per Insertion; 2 inch é 8.00 ‘ 7.50 
3 inch . 11.50 11.25 11.00 


‘There are 12 lines to an inch. A charge of 40 cents per line will be made for extra lines. 





FOR SALE 

FOR SALE: Four Hoskins Electric Furnaces, type 
FH-204, size 73%” wide, 5” high, 12%” deep, maxi- 
mum temp. 2000° F., each with a 6 K. W. dry type 
regulating transformer, single phase, 220 V., 60 
eycle, with control switchboard. Desirable for labo- 
ratory work. All in good condition. Will sell one 
or more. Price attractive. Address 6-25. 


“SEMENTITE” 


CARBURIZING COMPOUND 


Have you taken advantage of our offer made in 
April TRANSACTIONS? If not, DO IT NOW! 


HEAT TREATING SUPPLY COMPANY 


SANDUSKY, OHIO 
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TRANSACTIONS OF THE A. 8. 8. T. June 
National Machinery Company, Tiffin, Ohio, has available for distributioy 


National Forging Machine Talk No. 61, entitled ‘‘A Simple Job of Signif 
icance,’’ 


E. Leitz, Inec., New York City, has available for gratis distribution 4 
complete set of metallographic literature embodying many instruments of 
recent design and construction. These publications deseribe the various 
machines and appliances used for micro-metallography. One of these catalogs, 
Pamphlet No. 1094, illustrates and describes the ‘‘Guthrie-Leitz’’ grinding and 
polishing machine. Through the aid of this instrument it is believed that a 
means has been provided whereby a metallurgist can prepare three specimens in 
the time that formerly was occupied in the preparation of one specimen, as 
much time ean be saved in the polishing and grinding of specimens, 


Norman Conn & Company, metallurgists and heat treaters, have recently 
opened offices at 2435 Merrick Avenue, Detroit, Michigan. 


Development of a limited iron and steel industry in certain western 
localities where, under present economic conditions, such operations are 
not commercially feasible, is suggested as the result of experimental work 
in the production of sponge iron performed by the United States Bureau 
of Mines, Department of Commerce, at its Seattle station. Sponge iron 
also promises to become of great economic importance in the leaching 
and precipitation of copper and lead ores, 

Sponge iron is the product formed by the reduction of iron oxide to 
metallic iron at a temperature below the fusion point of the constituents 
of the charge. A particle of sponge iron has the same size and shape as 
the particle of ore from which it was reduced, but because of the removal 
of the oxygen from the oxide it is much more porous. By reason of this 
porosity of sponge iron it reacts more vigorously and rapidly than the 
ordinary massive forms of iron, Under suitable reducing conditions 
sponge iron can be produced readily on a commercial scale at about 
1652 degrees Fahr. (900 degrees Cent.) and can be magnetically separated 
from a large part of the associated impurities. 

Sponge iron will precipitate copper, lead, and numerous other metals 
from solution. The reaction takes place quicker than when a massive 
form of iron, such as steel scrap or pig iron, is used as a precipitating 
reagent, and thus plant capacity is proportionately enlarged. Sponge 
iron is likely to be increasingly important in the hydrometallurgy of low- 
grade copper and complex lead ores; its production insures a permanent 
and reliable source of metallic iron, a matter of much importance in 
view of the small supply of scrap iron end the distances that separate 
most copper and lead mines from iron-producing centers. It is conceiv- 
able that the future success of some large-scale leaching and precipitating 
processes for copper and lead ores may depend largely upon a supply of 
cheap sponge iron. In some chemical processes finely divided metallic 
iron is used as a reducing agent, and iron oxide is obtained as a by- 
product. .This oxide could be converted into sponge iron and used again 
in the reduction process. 


(Continued on Page 38 Adv. Sec.) 
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“Brinell” 


The International 


Standard Method 


for 
Testing Hardness 














Fisher 
Brinell- Hardness 
‘Tester 


(Another Fisher Product) 






ri 
12-150 
*No. 12-150 Fisher Brinell Hardness Tester. Results in 
Brinell numerals, the International Hardness Standard. 


FEATURES: The leveling stage makes it possible to 

test irregular shape pieces. A replaceable patented 
rubber diaphragm does away with the necessity of 
a ground cylinder and piston, and eliminates leakage 
of the hydraulic fluid. 
The pressure is applied uniformly, without pulsa- 
tions. Accommodates test pieces from 3/16 inch 
to 12 inches. Range up to 500, International 
Brinell Hardness Number with regular ball; with 
special ball, up to 700. 


Simple and quick operation. 
















Price $350.00 


*The number identifies the apparatus in 
the 630-page Fisher Catalogue. Has your 
laboratory a copy? If not, write for one. 


FISHER Screntiric CoMPANY 


LABORATORY SUPPLIES 


PITTSBURGH, PA.US.A. 
In Canada—472-474 McGill St., Montreal 






When writing to Fisher Scientific Co., please mention TRANSACTIONS 
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The possibility of making sponge iron and converting it directly 
into steel, thus eliminating the pig-iron stage, has been suggested fro 
time to time, and hundreds of so-called ‘‘direct steel’’ processes haye 
been proposed or tried during the past century. Unquestionably the 
production of steel from sponge iron has theoretical advantages over the 
standard methods. Moreover, the production of both steel and pig-iron 
from sponge iron has economic advantages in certain localities, J) 
regions remote from iron and steel producing centers, where coke js 
expensive and electric energy cheap, sponge iron made cheaply from irony 
ore and low-grade coal can probably be converted in the electric furnace 
into iron and steel that can compete with the imported products. The 
fact that both electric melting and the production of sponge iron can he 
conducted economicaly on a small scale makes such a process particularly 
advantageous in communities that do not consume much iron or 
Electric furnace processes, being inherently expensive, are not 


steel, 
advocated 
for the manufacture of iron and steel except where conditions are unusual. 

Other uses of sponge iron will probably be developed once production 
has been established on a large scale. Some experiments have been maile 
with respect to the use of sponge iron for the production of hydrogen 
from steam—the iron oxide formed in the process to be converted to 
sponge iron. 


Sir Robert Hadfield, honorary member of the A. 8. 8. T., will present 
before the spring meeting of the British Iron and Steel Institute a paper 
entitled ‘‘CO, Meters (Electrical)’’. The instrument described is sai to 
of Ferro-Manganese and Its History’’. 

This paper is an endeavor to give a general historical account of the 
metal manganese and the uses to which it has been applied. This paper is 
specially concerned with the use of manganese in the steel industry. 
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The Leeds and Northrup Company have recently issued bulletin No. 7s! 
entitled ‘*CO, Meters (Electrical)’’ The instrument described is said to 
be the result of four years of development in their research laboratories 
and two years of testing these instruments under service conditions. 
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‘*Comparative Tests of Six-lnch Cast-Iron Pipes of American an 
French Manufacture’’ is the title of technologie paper No. 336 by S. }. 
Petrenko, issued by the Bureau of Standards. 

Comparative tests were made on 6-inch cast-iron pipe manufacture 
in France and on similar pipe manufactured in this country. The pipes 
were of the ‘‘bell and spigot type’’ and were cast in sand molds, These 
tests including hardness, transverse, ring, shear, impact, and hydrostatic 
tests have shown that the strength of the French pipe is within the 
range of variation of the American pipe. 
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The Fisher Scientific Company of Pittsburgh has issued a_ booklet 
describing the Fisher Brinell Hardness Tester and how to operate it. This 
may be had upon request to the Fisher Scientific Co. 
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The Board of Directors of the American Foundrymen’s Association, 
upon recommendation of the Board of Awards, has voted to award ty 
Major Robert Alexander Bull, the Joseph S. Seaman Gold Meda! of the 
American Foundrymen’s Association, in recognition of his services to tho 
Association and to the foundry industry. 

Major Bull is a past president and honorary member of A, F, A 
and has been prominently identified with the steel foundry industry, 
Since its organization, he has been Research Director of the Electric 
Steel Founder’s Research Group. Major Bull is a member of many tee. 
nical societies, including the A. S. S. T. . 


Ff. W. Harbord has recently been elected to the presidency of the Tron 
& Steel Institute of Great Britain. He has been identified with the jroy 
and steel industry of the British Empire for forty-five years. Mr. Harbord 
has received the Bessemer Medal and is well known as the author of many 
papers and books and has taken an active part in many technical assoeia- 
tions. 


Tungsten, a treatise on its Metallurgy, Properties and Applications by 
Colin J. Smithells, has reeently been published by D. Van Nostrand Com- 
pany. The contents are as follows: Preparations of Tungstie Oxide, Purif- 
eation of Tungstie Oxide, Reduction of Tungstie Oxide, Manufacture of 
Ductile Tungsten, Metallography of Tungsten I, Metallography of Tung- 
sten II, Properties of Tungsten, Industrial Applications, Determination of 
Impurities. 
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Francis F. Lucas of the Bell Telephone Research Laboratories, member 
of A. S. S. T. and Howe medalist for 1924, has recently been awarded the 
medal of the Royal Photographie Society of Great Britain for 1926. This 
award was made in recognition of the paper contributed by Mr. Lucas dur- 
ing the deliberations of that society last vear. 
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The subject treated by Mr. Lucas was a metallographie study of Had- 
field manganese steel. 


R. E. Bissell, metallurgical engineer in charge of research and metal- 
lurgical control of the Thompson Products Co., Cleveland, and member of 
the Cleveland Chapter of the Society has recently been awarded associate 
membership in the Royal Aeronautical Society of Great Britain in recogni- 
tion of his engineering achievement in the development of airplane engine 
valves. 

The valves used in Capt. Lindbergh’s Wright ‘‘Whirlwind’’ engine 
were of the salt filled type developed by Mr. Bissell. 


‘«Heat-Resisting’’ Steels is the title of a paper by Dr. W. H. Hatfield 
to be presented before the spring meeting of the British Iron anid Steel 
Institute. The investigation described was carried on with a view of assist- 
ing in the production of better heat-resisting steels and also to find funda- 
mental data concerning the nature of the attack from which steel suffers 
when exposed to the atmosphere and industrial gases at high temperatures. 


The George J. Hagan. Company announces the following district offices— 
20 East Jackson Blvd., Chicago, 155 West Congress St., Detroit. 
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When writing to General Alloys Company, 


ALLOYS 


(): STAND UP UNDER FIRE 


THE 


BOX BULLETIN 


Published by 
General Alloys Co. 


Edited by 
H. H. HARRIS 


“You have not read 
Transactions until 


you've read The 
BOX BULLETIN” 





please mention TRANSACTIONS 
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SRC 
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IN MEMORIAM 


LAWRENCE JOSEPH McCarty 


Born May 28, 1892 — Died May 9, 1927 


Well, Mac old scout, at sometime sq 
or late, death must come to us all. 
had an active, busy life, crowded 
the good things of the world. It 
short, that’s true, but it must have be 
satisfactory. 


From the day of your birth at Ré 
bury, Mass., until your sudden 
parture you scattered smiles and s 
shine all along the way. You ser 
your country well in the great conf 
you conducted yourself with dignity a 
won well earned commendations. 


Your life was service; service to y« 
parents; service to your friends; serv 
to your country and service to this cof 
pany. In every one of these you pla 
the game of life vigorously, you 
without boasting, you lost without r 
cor, and now that the contest is ov 
you turn to meet the great Refer 
smiling and unafraid. 


We'll miss you, Mac, we'll miss you 


= 
A—-t I 
Wao ihe 
oo 


When writing to General Alloys Company, please mention TRANSACTIONS 
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f you are acquainted with an expert steel foun- 
 iryman, show him these cuts, made from un- 
touched photos of Q-Alloy castings, and have 
im explain the technique he would have to fol- 
ww in producing these castings SOUND, and 
murate to 1/32 inch. 


)-Alloys are much more difficult to Melt, Pour, 
nd Cast than Iron or Steel, yet our relentless 
wrch for uniform structures, and accuracy in 
ssting Q-Alloy has developed foundry practice 
ir in advance of the entire Steel Industry. 


When you consider that all other Alloy Manufac- 
urers are still far behind the steel foundry prac- 
xe of today, you will more clearly realize the 
apremacy of Q-Alloys. 


‘wh infinite care cannot be limited to the mold- 
ng practice alone, but extends throughout our 
process, — and 
is reflected as 
well in the ad- 
vanced designs, 
and _— superior 
engineering 
service, pecul- 
iar to Q-AI- 
loys. 





Ill 


Uniform - sections, 


When writing to General Alloys Company, please mention TRANSACTIONS 
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}) You Know A Good Foundryman? 


mechanically 
and metallurgically sound castings 
resist Fatigue,-—LAST LONGER. 


ULTIMATELY COST MUCH 


LESS. 


When writing to General Alloys Company, please mention TRANSACTIONS 
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THE MERRY WHIRL 


Ee wheels of time and progress are forever grinding out events ant 
improvements. Only yesterday Columbus was considered a lunatic 
for believing that the earth was round and that land could be found 
westward. You know the rest of that story. As we sit down to write 
our radio tells us of the success of Capt. “Lucky” Lindbergh, and in 
spirit we all ring his hand in congratulation on his daring feat. 


The layman looks at the spectacular side of his accomplishment in 
wonder, but the Steel Treaters know of the effort, the endless search 
and research which was necessary to place in the hands of that daring 
pilot a mechanism capable of such wondrous performance. — 


In paying our tribute to the “Dauntless Aviator” let us not forget 
the builders of the ages who in toil and sweat and in study brought Fer 
rous Metallurgy and Steel Treatment to a high pinnacle of success. 


Something like 4,000,000 times did the crankshaft in Lindbergh's 
plane turn over between New York and Paris, and this is only a pat 
of its life! 


When writing to General Alloys Company, please mention TRANSACTIONS 
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THE MERRY WHIRL 


(Continued ) 


ND as it happens cranks are what we had in mind when we started 
to write. 


For the last couple of years the furnaces illustrated on these pages 


ebeen functioning perfectly day after day. They are installed at a 


modern drop forge plant in the middle west whose business is 
ks.” The George J. Hagan Company designed and built the fur- 
ss, and Hagan’s engineers together with the engineers of their client 
tve in the best. That is why they placed confidence in Q-Alloys— 
" lbs. go to make up the rotary sectional hearth and auxiliary 
Ings, 


After you have read the story of the success and economy of this 
illation, give some thought to your own Heat Treat Equipment. 
t Treating Machinery is rapidly supplanting the old inefficient fur- 
8s. Remember that “A furnace is no better than its alloy parts,” 


that “85% of the alloy parts in modern heat treating furnaces are 
lloys.” 


When writing to General Alloys Company, please mention TRANSACTIONS 
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Coal Processing tResearch—by Rya 


HE F. J. Ryan & Company of Philadelphia in collaboration 

the Lehigh Coal and Navigation Company are developing eq 
ment for the PROCESSING OF ANTHRACITE COAL. It’s a 
development for which the future is good. The test furnace in the 
lustration is being used to work out the details of the process and i 
forerunner of some sizeable commercial installations. 


It's a “RYAN DESIGN” from the floor up, including full automé 
temperature and atmosphere controls. Ryan doesn’t take chances V 
inferior materials—that’s why the hearth, trays and stack damper 


Q-Alloy and X-ite. 


THUS Q-ALLOYS AID IN ANOTHER CONTRIBUTION 
INDUSTRIAL PROGRESS. 


When writing to General Alloys Company, please mention TRANSACTIONS 
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VESUVIUS 


EARS ago, Agricola and his colleagues used to pack their 
iron in a bunch of carbonaceous material* and place it 
wongside of Vesuvius. If Vesuvius erupted, the stuff got car- 
mized. Maybe they found it afterward and maybe they 


llaboration as ; ; 
idn’t. Anyhow Vesuvius can’t be depended on. 


eveloping eq 
AL. It’s a 


irnace in theml\Owadays—not having enough volcanoes to go around—we 


mild HEAT-TREATING MACHINES. The Surface 
Combustion Co. built the one in the illustration for a big auto- 
mobile plant. It’s a modern carburizing furnace and employs 
Mite rails, rollers, rail spacers and clamps made by us. The 
whole unit is intelligently designed and will stand the gaff. 


process and I 


g full automé 
ke chances V 
ack damper 


.IBUTION Production is Positively Protected. 


‘Animal origin. 


‘TIONS : 1 z 
cT! When writing to General Alloys Company, please mention TRANSACTIONS 
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Q-ALLOYS 


Most Economical and 
Efficient Materials 


For CARBONIZING BOXES 
ANNEALING BOXES 
CYANIDE AND LEAD POTS 


FURNACE PLATES 
MUFFLES AND RACKS 
TUBES AND RETORTS 
CONVEYOR FURNACES 
GLASS ROLLS AND DIES 

ANY ._ PARTS 


operating between 1000°F. 
and 2200°F. 


GENERAL ALLOYS COMPA 


General Offices 
BOSTON—27—MASS. 
CHICAGO PA bg NEW YORK 


3002 Wallace St. ae 26 Cortlandt Street § 


DETROIT CLEVELAND INDIANAPOLI 
General Motors Building 2281 Scranton Rd. Merchants Bank Buildi 


BINGHAMTON, N. Y. CINCINNATI ST. LOUIS 
11 Rotary Ave. 1620 John St. 1517 Olive St. 


When writing to General Alloys Company, please mention TRANSACTIONS 
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“Now! 
A New Book 


Metallurgy of Iron and Steel 


By F. T. Sisco, metallurgist, Air Service, War Department, McCook 
Field, Dayton, O. 

By Bengt Kjerrman, metallurgist, Langshyttan, Sweden. 

By Birger Egeberg, metallurgist; Halcomb Steel Co., Syracuse, N. Y. 


TABLE OF CONTENTS 


Chapter I—Manufacture of Iron and Steel 
Chapter II—Mechanical Treatment of Steel 
Chapter III—Manufacture of Iron and Steel Castings 
Chapter IV—Wrought Iron, Malleable Iron and Semi-Steel 
Chapter V—Chemistry of Iron and Steel 
Chapter VI—Chemistry of the Blast Furnace and Bessemer Process 
Chapter VII—Chemistry of the Open-Hearth and Electric Furnace 
Processes of Steelmaking 
Chapter VIII—Chemistry of Wrought Iron and Crucible Steel 
Chapter IX—Some Comments on Swedish Steel Practice 
Chapter X—On Electric Steel Melting 


The authors of the chapters in this book have presented the extensive 
subject of iron and steel manufacturing in a clear, concise manner, mak- 
ing their descriptions as non-technical as it is possible and still have them 
of scientific value. 


The chapters of this book have been reprinted from the TRANS- 
ACTIONS of the American Society for Steel Treating as a result of 
or requests that they be brought together and published under a 
single cover. 








IMPA 


200 pages, 6x9 Numerous illustrations 


Price: paper cover, $1.00 post paid 
Price: cloth cover, $2.00 post paid 


NEW YORK 


26 Cortlandt Street Send Orders to Book Department 

(DIANAPOLI$M@g AMERICAN SOCIETY FOR STEEL TREATING 
oe ook 4600 Prospect Ave., Cleveland, Ohio 

ST. LOUIS 

1517 Olive St. 

SACTIONS 


When writing to advertisers, please mention TRANSACTIONS 
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Determining correct 
heat - treatment for 


Alloy Steels 


Promoting Higher 


Quality Standards 


oe is no product so good but that it can be improved. With 

the steady progress in engineering work of every kind—in building, 
industrial and mechanical lines—there is an insistent demand for finer 
steels. 


[In the past Bethlehem Steel Company has contributed materially to such 
advancement. In our laboratories research engineers are continually 
working to promote higher standards of quality in the steel industry 
so as to carry on the work of progress and advancement. 


Consumers having problems in the use of Alloy, Special and Tool Steels 
are invited to use the facilities of the research organization of Bethlehem 
Steel Company. A corps of seasoned research engineers is maintained 
for service wherever their advice and recommendations are desired. 


BETHLEHEM STEEL COMPANY, General Offices: - BETHLEHEM, PA. 
DISTRICT OFFICES: 


New York Boston Philadelphia Baltimore Washington Atlanta Pittsburgh Buffalo 
Cleveland Detroit Cincinnati Chicago St. Louis San Francisco Los Angeles Seattle Portland 


Bethlehem Steel Export Corporation, 25 Broadway, New York City 
Sole Exporter of Our Commercial Products 


BETHLEHEM 


Alloy and Tool Steels 


When writing to Bethlehem Steel Company please mention TRANSACTIONS 
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i 
p nied Tae A Revolutionary Change 


» companies this symbol, 





Wherever stampings are made—there Danly Die 
Sets show surprising economies. They relieve draft- 
ing room, tool room, press room and stock room of 
much detail and expense. 


A revolutionary improvement in die steel per- 

formance follows, because dies cannot shear. The 

‘‘nieces per grind’’ are increased enormously. The 

‘‘depth per grind’’ is reduced remarkably. The 

leader pins and bushings maintain die shoe and punch 

ct holder in perfect alignment in all positions regardless 
or of the condition of the press. 


Danly Die Sets stay accurate because pins and 
bushings are of steel, hardened, ground and lapped 
to fit without ‘‘perceptible shake.”’ 


If you want to improve the performance of your 
Is ' dies, increase their life and cut upkeep costs while 


increasing production, mount your dies in Danly Die 


S Sets. 







proved. With 
d—in building, 
nand for finer 


AAMC 


erially to such It is significant—don’t you think—that 


re continually we 20 to 50% im first cost. nearly 4000 makers of stampings have 

steel industry urease life of dies enormously. already adopted Danly Standard Die 
ssen upkeep costs and fixed Sets? They save in first cost, obtain 

id Tool Steels charges. precision tools, without delay or trouble 

of Bethlehem Inrease production, with less of making them. 

1S maintained detail and lower unit cost. 

‘e desired. 

YLEHEM, PA. 


cow uee { DANLY MACHINE SPECIALTIES, Inc. 


Seattle Portland 


k City 2126 S. 52nd Avenue (Cicero Branch P. O.), Chicago 


VM wD, ‘ LY Long Island City, N. Y. 


Detroit, Mich e 35 Wilbur Ave. 
“mice — Oey Die Sets 










ACTIONS When writing to Danly Machine Specialties, Inc., please mention TRANSACTIONS 





TRANSACTIONS OF THE A. 8. 8. T. 


special process of manufacture to 

produce better Gear Rings has 
been developed by Midvale. The re- 
moval of ingot center metal, proper re- 
duction, uniformity in amount of work- 
ing on all parts of the ring as well as 
correct directional forgings are char- 
acteristics of these Gear Blanks. 


Let us have your inquiries 


THE MIDVALE COMPANY 
NICETOWN, PHILADELPHIA 


DISTRICT OFFICES: 


NEW YORK WASHINGTON CHICAGO PITTSBURGH 
CLEVELAND SAN FRANCISCO 


When writing to The Midvale Company, please mention TRANSACTIONS 
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Your customers know 
Timken Steel, and will 
be glad to know that 
you use it. Timken 
quality 1s recognized 
and very much desired. 
Timken price gives 


vou better material on 





1competitive basis! 


|IPANY 
1A 


THE TIMKEN ROLLER BEARING CO., CANTON, OHIO 


Timken Steel 


mention TRANSACTIONS 


ITTSBURGH 


SACTIONS 
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San Diego, California 
To Paris, France 


Without Engine Trouble 


Is The Remarkable Performance of 
the Wright “Whirlwind” J-5 Engine 
With Vital Parts of Vanadium Steel 


or oy — egg ee ne rr ere 


In the Wright “Whirl- 
wind” J-5 Engine, built 
by Wright Aeronauti- 
cal Corporation, most 
of the gears are Va- 
nadium Steel, as are 
practically all the nuts, 
studs, screws and many 
plugs, pins and wash- 
ers. Other highly stress- 
ed Vanadium Steel parts 
in Wright Engines in- 
clude magnetocoupling 
parts, valve springs and 


ae a ee Coxtamorme to the depend- 
ability and perfect performance 
of the wonderful Wright Engine 
were its many vital parts of Vana- 
dium Steel, selected for its “ex- 
tremely high and uniform tensile 
strength, hardness and resistance 
to fatigue.” 


Write for data on Vanadium Steels 
in applications in which you are 
interested. 


VANADIUM CORPORATION 


OF AMERICA 
New York Detroit 


VANADIUM STEELS 


for strength, toughness and durability 


When writing to Vanadium Corporation, please mention TRANSACTIONS 
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Fuel Savings Pay For This 
ia Furnace in Six Months! 


, HIS gas-fired Surface Combus- 
tion Continuous Carbonizing 
Furnace in the plant of a famous 
automobile company replaced 
eight batch type oil fired furnaces. 
Controlling temperature 
automatically to within 10° plus 
or minus, this furnace has cut 
down carbonizing time by over 
10%, besides increasing box life by 
20%. Furnace repair costs have 
been greatly reduced. This fur- 
nace,in fact, has been incontinuous 
operation since February Ist. 

It more than meets the Surface Com- 
bustion guarantee on fuel consumption. 
Savings alone will pay for the furnace in 
six months. 

This is just another example of the 
successful application of the fundamental 
factors on which Surface Combustion 
Furnaces are based: 

1. Broad experience in the design and 
construction of furnaces. 
2. Specialized knowledge of the processes 
in which the furnaces are to be used. 
3. The superior efficiency and economy 
of the unique Surface Combustion 
method of automatic firing. 





TING to the depend- 
id perfect performance 
erful Wright Engine 
y vital parts of Vana- 
selected for its “ex- 
and uniform tensile 
dness and resistance 


a on Vanadium Steels 
is in which you are 


M CORPORATION 
AMERICA 


Detroit 






FEELS The Surface Combustion Co. 


366 GERARD AVENUE,NEW YORK,N-Y. 
Branch Offices in All Principal Cities 


NSACTIONS 


When writing to The Surface Combustion Company please mention TRANSACTIONS 
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CYANIDE 


The only thermo couple protecting tube which will protect a 
thermo couple from hot cyanide. It has‘an extreme long life and 
is guaranteed not to leak. 

A trial will convince you that you have not used a real protect- 
ing tube in cyanide before you used a Gordon’s Service Cyanidi 
T whe. 

This tube is 18 inches long and threaded for 84 inch standard 
pipe connection, price $6.00 each, F. O. B. Chicago. 

Longer or shorter tubes furnished special. 

We will furnish this tube assembled with any make or type of 
thermo couple to fit your pyrometer. 


Claud S. Gordon Company 


High Temperature Industrial Engineers 
709 W. Madison St. . ‘ CHICAGO, ILL. 


® Show Your Colors 


LL MEMBERS of the A. S. S. T. should make a practice of wearing the Society 


emblem. It is meat and inconspicuous and immediately conveys the information that 
the wearer is a progressive individual and a member of a live, wide awake organization, 
The pin is in black and gold as shown above, with safety fastener, and will be mailed. 
post paid upon receipt of $1.00. 


AMERICAN SOCIETY FOR STEEL TREATING 


4600 Prospect Ave. Cleveland, O. 


When writing to advertisers, please mention TRANSACTIONS 
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The ROCKWELL DILATOMETER 


can be attached to any type of furnace and the precision of the 
VOLCRIT method secured in all hardening, tempering, anneal- 
ing, or normalizing, treatments. Have you investigated the 
laboratory model? It is finding new uses every day. 


Write for full particulars. 


The STANLEY P. ROCKWELL COMPANY 


66 Trumbull St. “t “i Hartford, Conn. 


Representatives in all industrial centers 


SERVICE FOR MEMBERS 


The Library Bureau of the American Society for Steel Treating is operated to give to the 
members quickly, reliably and at the minimum expense the following service: 

1. A complete copy of the magazine article referred to in any periodical you may be 
reading. 

2. A Translation of foreign articles that would help you with your work. 

3. A list of references to books and articles on any metallurgical subject. 

4. Informing the members of new articles of interest to them as an engineer. 

5. Patent Reviews. 


_ The Library Bureau makes the entire field of literature available to every member, distance 
is eliminated, for it will copy the desired information and send it to you. It also helps the 
busy man by supplying information without any expenditure of his time. The charge for this 
personal work is merely its cost. 

Through the courtesy of Nelson Littell, we have secured an additional library service for 
members of the A. S. S. T. This service comprises the selecting and supplying of copies of 
current patents, on specified subjects, as they are issued by the Patent Office. 

_ Mr. Littell wil: review the Official Gazette each week, selecting those patents on subjects 
desired by individual subscribers, and order separate copies mailed directly to them from the 
U. S. Patent Office. Subscribers may specify the field of patents which would be of interest, 
or they may supply a list of their products and manufacturing processes whereby Mr. Littell 
could judge as to what current patents would be of interest to them. 

The cost for this service is $10.00 per year, plus 10 cents per copy for each copy of a 
patent furnished. 

_ The Library Service does not obtain any profit from the work, but does this to make the 
information contained in the large libraries with which it has connection available to every 
member, The rates are as follows: 


Photo Print Copies of articles, drawings, etc., 25c per 10x14-inch sheets. 

Searches, abstracts, etc., $2.00 an hour. 

Translation, $6.00 per thousand words for French or German; $7.50 and upwards 
for other languages. 

Reference card service, giving reference to current magazine articles, $10.00 a year 
in advance, and 5c for each card mailed. 


Members desiring to avail themselves of this service should address Library Bureau, 
American Society for Steel Treating, 4600 Prospect Ave., Cleveland, Ohio. 


When writing to advertisers, please mention TRANSACTIONS 
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FLUE GASES MEASURED 
ELECTRICALLY 


Engelhard Engineers have 
perfected an extremely rugged | 
CO, Gas Analysis Instrument. 
It operates electrically through- 
out and is_ super-sensitive to 
gas changes 


From | to 3 records 
on one instrument 


Write for bulletins 


CHAS. ENGELHARD, Inc. 


90 Chestnut St. tt Newark, N. J. 


Factory at Newark, N. J. 
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Better than a Thousand Eyes 
to Measure Heat Accurately 


RODUCTION schedules cannot allow 
for the “trial and error” of the human eye 
in heat treating steel. 


Not only does Industry insist upon pyro- 
meters, but upon those pyrometers which can 
be depended upon accurately to indicate, sig- 
nal, record and control the temperatures re- 
quired. 


In answer to this need, you have available a 
complete line of Brown Electric Pyrometers 
—fully described in catalog No. 15. THE 
BROWN INSTRUMENT COMPANY, 
4419 Wayne Avenue, PHILADELPHIA. 


Branches in 18 Principal cities 


Measure heat with | To Messareiets | 
Economize™=Pasca/ 





ACTIONS 





When writing to The Brown Instrument Co., please mention TRANSACTIONS 
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MAIN OFFICE AND WORKS: DUNKIRK. N.Y., U.S.A. 


VT aay ST - a a FOR ALL 


TOOL 
HIGH SPEED TOOL STEELS ated ado 


ALLOYED TOOL STEELS HOT ROLLED PURPOSES 
CARBON TOOL STEELS COLD DRAWN 


DROP FORGED 
sk for Catalog 27Q ~Full of Valuable Data 


DISTRICT SALES OFFICES: BIRMINGHAM, BOSTON, BUFFALO, CHICAGO, CINCINNATI, 
CLEVELAND, DETROIT 


INDIANAPOLIS, NEWARK, PHILADELPHIA, PITTSBURGH, $8T. LOUIS, SYRACUSE 


MAY WE HELP YOU? 


If you want to improve your product ask 
us about the following. 


Carburizing Compounds Furnace Cements 
— a (for Metal Cleaners 

cyaniding 
Kwick Kase (for cyaniding) Platers Cleaners 
Lead Pot Carbon (for covering Enamel Stripper 

Lead Pots) Detergents and Special 
Tempering Oils s Cleaners for all pur- 
Tempering Salts (High and Low poses 

Temperatures) , ; 
Sodium Cyanide (96-98%) Copper & Zinc Cyanide 
Brinell Machines Nickel Salts (Single) 


Rubbing and Finishing Compounds for all lacquers 


PARK CHEMICAL COMPANY 


Metallurgical and Chemical Engineers 
DETROIT, MICH. 


When writing to the above companies, please mention TRANSACTIONS 
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Heavy Duty sizes. 
ounces to 

Annular Ball 1% Ibs. a 
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: TURBO PRESSURE BLOWERS 
© 5: THE NORTH AMERICAN MFG.COMPANY | 
rt Sada orca 83924 FREDERICKAVE. CLEVELAND.OHIO, 


N WIDE USE 
TIPPEE BY felt: 


FORGINGS Back Volumes 
DIE BLOCKS We can supply the following: 
iis SHEAR KNIVES Val comple) of Posen 


Steel Treating Research Society. 


ers 
1ers seat Site $5.00 (unbound) 
per Vols. I and Il (complete) Journal— 
und Special American Steel Treaters Society. 
or all pur- | $7.50 each (bound) 

| "Rave mart Volumes II through X TRANSACTIONS 
inc Cyanide |i American Society for Steel Treating. 
(Single) ia HEAT TREATED $10.00 each (bound) 
ia | PRODUCTS 


Send orders to 


OUR SPECIALTY 





| American Society For 
| Heppenstall Forge & Knife Co. Steel Treating 


>ANY 





| | WORKS: 4600 Prospect Avenue 
PITTSBURGH, BRIDGEPORT, Cleveland, Ohio 
PENNA. CONN. 
Oe 
Sp encrrneeeeeensiaiiaitiaiditinidl lita laa a lee ia 
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When writing to the above companies, please mention TRANSACTIONS 
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ThFUEL 


in step with 
Hand+o-Mouth Buying 


A prominent business economist 
states that one of the notable devel- 
opments in industry during 1926 
was the growth of hand-to-mouth 
buying—turnover of capital. 


| 
=p epee ceueuupuauaeees 


TeeReReeeeee eee Eee 


No dividend was ever paid on an idle 
inventory! And least profitable of all 
inventories is an inventory of fuel. 


Why tie up capital in a fuel supply? 
Your gas company will supply the 
ideal fuel — gas — when and as you 
want it. 


Gas is the ‘‘hand-to-mouth”’ fuel — 

the fuel that’s in step with modern 

business methods. It is delivered as 

: required, at the burner—available in 

Dependable— the exact quantities to meet your 
any time, any place, 7 

any quantity daily and hourly needs. You pay 


Controllable— nothing for gas until it has been 


exact temperatures, -consumed, 
automatically con- 
trolled. 


Find out what gas is doing for other 
Economical— companies in your line of business. 
lowest final cost per Write to 
unit of production. 


Clean— 
comfortable factory 


salva catinion. American Gas Association 
420 Lexington Avenue, New York City 


We have an interesting booklet which we 
will be pleased to send upon request. 


YOU CAN DO IT BETTER WITH GAS 


(treet erga ea a tial nc D 
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When writing to American Gas Association, please mention TRANSACTIONS 
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k power bills were computed only on the basis of the actual energy 
consumed it would matter but little whether load factors were high 
or low—but they are not. Let us quote: 


“The consumer’s power bill shall be the sum 
of the demand charge and the energy charge.” 


The charts illustrated above are typical graphic demand meter records 
of the electrical imput in (Left) a Batch Type Electric Furnace and 
(Right) a T-Grid Reeuperative Electric Furnace. Both are operating 
on the same class of work and using approximately the same amount of 
energy. But the T-Grid Recuperative demand is only half the Batch. 
Isn’t that a worthwhile economy—a reduction by half? 


And there are further splendid savings in T-Grid Recuperative Furnaces, 
for they will, because of their internal efficiency, do any given amount 
of work on half the energy required by a Batch. Half the demand 
charge, half the energy charge—those are notable savings. 

Nor is that all. T-Grid Furnaces are equipped with a variable heat imput 
that makes it possible to maintain a level load curve for any size of 
charge. 


We have a new booklet that tells the whole story of Recuperative Fur- 
naces. There is a message in it for you. 


THE ELECTRIC FURNACE COMPANY 


541 Wilson Avenue “te ~ Salem, Ohio 





ISACTIONS When writing to Electric Furnace Co., please mention TRANSACTIONS 
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SPENCER TURBO-COMPRESSORS 


GIVE 


LASTING SATISFACTION 


The Spencer line of Turbo-Compressors for 1 Ib., 14% lb. and 2 Ib. pressures 
meets a wide demand for an efficient equipment of the “slow speed” turbine 


type for use in supplying air for oil and gas burning furnaces, foundrn 
cupolas, etc. 


It has no contacts nor even close clearances, hence no chance for wear. 


It is a direct connected, self-contained unit, hence no belts, gears or chains 
with their resultant losses and noises. 


It gives constant pressure with no pulsations and no surging. 
It operates at low velocity. 


It permits direct connected equipment on 25 cycle service. 


The current consumption inherently decreases in proportion to reduction of 
volume of air used, eliminating all auxiliary governors. 


Slow Speed Spencer Turbo-Compressor 


The SPENCER TURBINE CO. 


Ask your furnace manufacturer for details 


When writing to Spencer Turbine Co., please mention TRANSACTIONS 
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RODMAN 
PRODUCTS 


Carbo 


Case Hardening Compounds 


Longer life and uniform quality. 


Sealright 


A luting material that does not corrode the containers. It 
prolongs their life indefinitely. 


Quenching Oil 


A faster oil with uniform quenching characteristics. 





Rodman Chemical Co. 
VERONA, PA. 


eee 1001 Majestic Bldg. 

Rockford....... 700-702 Race St. 

Pittsburgh. .... 1200 Standard Life Bldg. 

Baltimore...... 803 Emerson Tower Bldg. 

Hartford. ...... The Stanley P. Rockwell Co., 66 Trumbull 8t. 

Pacific Coast........ Waterhouse & Lester Co., San Francisco and Portland. 


When writing to Rodman Chemical Co., please mention TRANSACTIONS 
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How strong 
is a Locomotive? 


“A locomotive is as strong as its bolted con- 
nections,” so says the Railway Mechanical 
Engineer and goes on to say, “the cost of 
maintaining these connections tight is a 
serious item.” But fortunately this cost 
does not need to bea serious item; engine 
bolts made of the proper alloy steel will 
reduce this cost tremendously. The 
threads won’t stretch, the bolts won’t 
break for the stretching point is more than 
three times that of iron. Make locomo- 
tives stronger by using alloy steel bolts and 
cut the cost of maintenance. Talk it over 
with an Interstate Metallurgist. 


INTERSTATE IRON & STEEL CO. 
104 South Michigan Avenue 
CHICAGO 


$unterstat 
Steels 


Open Hearth Alloy Steel Ingots, Billets, Bars 
Wire Rods, Wire, Nails, Rivets and Cut Tacks 
Iron Bars and Railroad Tie Plates 


When writing to Interstate Iron & Steel Co., please mention TRANSACTIONS 
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MANUFACTURERS OF HIGH GRADE 
STEELS FOR TOOLS OF EVERY 


or eA % / 
DESCRIPTION SM 
JESSOP STEEL CO. 


Head Office and Works 


WASHINGTON, PENNA. 


When up a it 


NEW YORK CITY OHIOAGO, ILL. use “Uulcan 


52 West St. Fulton & Jefferson Sts. 

DETROIT, MICH. | CLEVELAND, OHIO 

2208 Fort St., W. 1277 W. Ninth Bt. 

CINCINNATI, 0. | OAMBRIDGE, MASS. : 

18 E, Second St. 292-298 Main St. ET eh Crucible Steel Co. 


HAMILTON, CANADA 


King William Street Aliquippa, Pa. 





“AMERICAN” ELECTRIC FURNACES 


LEAD — SALT — CYANIDE — BABBITT — ALUMINUM 


YOU CAN CUT YOUR COSTS WITH 
AN “AMERICAN” ELECTRIC FUR- 
NACE, and BEAT THE WORLD ON 
QUALITY. 


An inquiry will speed the facts along to 
you at once, and any other information you 


may wish. 





ELECTRIC FURNACES FOR ALL PURPOSES 


Send for illustrated bulletin ki 


American Metallurgical Corporation 


27 VON HILLERN STREET 
BOSTON, MASSACHUSETTS 


ISACTIONS When writing to the above companies, please mention TRANSACTIONS 





TRANSACTIONS OF THE A. S. S. 7: 


ROCKWELL ECONOMIZER FORGES 


THE ECONOMIZER Hoop 1s EXCLUSIVELY A 
ROCKWELL FEATURE 


It utilizes the exhaust gases to preheat the air used for com- 
bustion. The result—fuel economy. 


It protects the operator by preventing the escape of exhaust gases. 
This insures a comfortable operating condition at all times, re- 
gardless of the weather. The result—everyday operation. 


Fuel economy and everyday operation will reduce your forging 
costs. Let us show you how. 


Write for Bulletin 27-C-4 


New York WA Detroit 
Cleveland ae Chicago 


Montreal, Canada: 858 Beaver Hall Square 
British Representative: Gibbons Bros., Ltd., Dudley, Worcester, England 


When writing to W. S. Rockwell Co., please mention TRANSACTIONS 
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Blue Chip 


High Speed Steel 


No change in name in 25 years of good service, but 
constantly improved by metallurgical progress 


FIRTH-STERLING SPECIAL 


The Tool and Die Steel of broad adaptability 


i FIRTH-STERLING : 
FORGES |i | 


S-LESSA S-LESSB S-LESSM  S-LESST i 
| 











for com- i 
A type for each purpose requiring corrosion-resistance | i 

We were the first in America to produce Stainless Steel | \ 

aust gases. \ 
times, re- 
on. 
ir forging re OTHER TOOL AND ALLOY STEELS FOR SPECIAL PURPOSES ~ 


FIRTH-STERLING STEEL COMPANY 


MAKERS OF FINE STEELS 


rroit 
McKeesport, Pa. 
cago 
NEW YORK BOSTON HARTFORD 
PHILADELPHIA CHICAGO CLEVELAND 
DETROIT SAN FRANCISCO LOS ANGELES 
England 
ACTIONS 


When writing to Firth-Sterling Steel Co., please mention TRANSACTIONS 


TRANSACTIONS OF THE A. 8. 8. T. 


Siete 


FOR THE “TOUGHEST” 
METAL WORKING CONDITIONS 


New Development 


In BROACHING OIL 


The new STUART Broaching Oil 
successfully eliminates the neces- 
sity for white lead, lard oil or 
costly sulphur base oil mixtures. It 
produces a glass-like finish on the 
tough alloy steels usually specified 
for automotive gears and allows 
broaching speeds up to 30 feet per 
minute. 

Compared with “home-made” 
broaching oil mixtures the STUART 
product in ready-mixed form offers 
EIGHT specific advantages carefully 
described in the new STUART book- 
let on the subject of broaching oil. 


Write for Your Copy at Once. 


D.A.STUART & CO. 


ESTABLISHED !I865 
CHICAGO. 
Warehouses in Principal Centers 


cay 


BLAICH 
Modern 


Carbunzers 
Best by Test 
Cyanide — 
All Grades 


Lead Coat— 
For Lead Baths 


Insulite — 
Prevents Carburizing 


A. O. BLAICH CO. 


DETROIT, MICH. 


HARDITE 


Made in Our 
Own 
Foundry 


ALLOY 
CASTINGS 


Continuous 
Operation 
Since 1919 


CARBONIZING BOXES 
FURNACE FLOORS AND PARTS 
Rotary RETORTS 
LEAD AND CYANIDE Ports 
PYROMETER TUBES 


HARDITE METALS INC. 


103 Park Ave. 
New York City 


189 So. Newport 
Detroit 


When writing to the above companies, please mention TRANSACTIONS 
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events Carburizing 


MICH CO. i+ Pays To Use 
SCH Electric Oven Furnaces 


FPREQUENTLY we receive reports from the 

various users of SC&H electric oven furnaces 
like the following: “Operating costs are lower”; 
“Production has been increased”; “Heat treatment 
is uniform, with no rejections.” 


vous The savings that are being realized by these many 

eration users are the result of the even distribution of 

nee 1919 heat, automatic control, and the efficient arrange- 
ment of the working space in the heating chamber, 
which are common to all SC&H electric oven 
furnaces. 


How much your production can be speeded up— 
what savings you can make with SC&H electric 
oven furnaces can definitely be determined if you 
will send us your heat treating problem. There is 
no obligation on your part. 


NC. THE STRONG, CARLISLE & 
) So. Newport HAMMOND CO., CLEVELAND, O. 





Detroit M’F’RS of SC@H Electric, Oil and Gas In- 
' dustrial Furnaces for every heat treating pur- 
pose. 


Furnace Room Accessories 


ACTIONS 
When writing to the Strong, Carlisle & Hammond Co., please mention TRANSACTIONS 





TRANSACTIONS OF THE A. 8, 8. T. 


+ beets 


You CanSave Hours of Machining time by Using 


TENTOR 


A most remarkable oil-hardening, non-chang- 
ing ToolSteel for both cutting and forming tools. 


@Anneals Uniformly. Admits of close 
Machining to size. @ Minimizes expen- 
sive grinding and tapping operations. 
@ Reduces warping in hardening. —— 


Do you have our descriptive booklet on ‘“‘Stentor”’ Steel? 


THE CARPENTER STEEL COMPANY 


READING, PENNSYLVANIA 
FEEEEEE EEEE EELS FE EE OE OE Ae OE SE Fe OE SE OE EE EEE EE EY 


LEADERSHIP 


THAT GIVES answer to the constant de- 
mand for QUALITY and PRODUCTION 


The Most Efficient Furnaces Built 


HOLCROFT & COMPANY 


6545 EPWORTH BLVD. DETROIT, MICH. 


CHICAGO, ILL. CLEVELAND, 0. 


Room 802 Room 405 
10 North Clark St. Sloan Building 
Dominion of Canada 
HIRAM WALKER & SONS METAL PRODUCTS LTD. 
Walkerville, Ont. 


When writing to the above companies, please mention TRANSACTIONS 
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A Movable Loading Shelf 


Heui Duty Evectric Co. 


MILWAUKEE, WIS. 
Cleveland New York Chicago St. Louis 


When writing to Hevi Duty Electric Co., please mention TRANSACTIONS 
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TRANSACTIONS OF THE A. 8. 8. T. 


Carborundum Refractories 


For Clinker Proof Linings of Boiler 


Furnaces— 

Carbofrax Brick 

For Lining Water Gas Generators— 
Carbofrax-Bernitz Air 
Cooled Blocks 

For Enameling Furnaces— 
Carbofrax Muflles 
Carboradiant Furnaces 

For Pottery Kilns, etc. — 


Carbofrax Mauflle Tile 


For the Building of Carbofrax Com- 
bustion Chambers in the Carboradiant 
Furnaces— 


Carbofrax Tile 


For Greater Efficiency from Heat 
Treating Furnaces, etc.— 


Carbofrax Hearths 


For the Lining of Non-ferrous Melting 
Furnaces— 


Carbofrax Segments and 


ements 


pute Setting of Brick Tile and for 


nings— 

Carbofrax and Firefrax 
Cements—A Cement to 
Meet Every Condition 
For the Conservation of Heat— 
Insulfrax Brick——The 
Insulating Refractory 


In other words a Carborundum Refractory for prac- 
tically every High Temperature Installation. 
Other Products made by The Carborundum Company 
for High Temperature Installations include: 


The Carboradiant Furnace and 
The Carbofrax Recuperator 


(The latter Licensed under the Fitch Patents) 


Detailed information regarding any of these products and a complete engineering service to 
insure their proper installation and use are at your command. 


THE CARBORUNDUM COMPANY, PERTH AMBOY,N. J. 


Withams & Wilson, Lid., Montreal 


Abrasive Machine Supply Co., Newark, N. J. 


Chwisty Firebrick Co., S. Louis, Mo. 
Pacific Abrasive Supply Co., San Francisco, Los Angeles 


When writing to The Carboruadum Company please 





mention TRANSACTIONS 
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@4 CAMBRIDGE: NEW YORK: CLEVELAND - CHICAGO 


it 








Every user of steel should have a Hy-Ten Stock 
List. We will gladly place your name on our mail- 
ing list. 


WHEELOCK, LOVEJOY & CO., Inc. 


CAMBRIDGE 





NEW YORK CLEVELAND CHICAGO 





When writing to Wheelock, Lovejoy & Co., please mention TRANSACTIONS 
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C — 


DEPENDABILITY 


of the chemicals you use for surface hardening 
and heat-treatment of your steel parts, spells 
SUCCESS in your operations, and absence of 
worry over uneven results—provided of course, 
that the man at the fire does his bit. 


St 


REG. U.S. PAT. OFF. 


CHEMICALS 


SERVICE’ 


have satisfied the user over a many years’ 
period so that he cannot go wrong by em- 
ploying them, and it pays to turn a deaf 
ear to offers of substitutes. 


CYANEGG 


(SODIUM CYANIDE 96/98%) 
CYANIDE CHLORIDE MIXTURE 75% 
SPECIAL CASE HARDENING MIXTURE 45% 
R & H CASE HARDENER 


Lumps and granular 


also—all other chemicals used in salt baths 


You are invited to submit your prob- 
lems to our technical staff for solution. 


” Dh 
ROESSLER GHASSLACHER CHEMICAL. 


709 Sixth Avenue New York 


When writing to Roessler & Hasslacher Chemical Co., please mention TRANSACTIONS 
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TOOL STEEL HME 


BARS SHEETS TOOL STEEL 
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BLOCKS 


FINE STEELS 


at 


CRUCIBLE PROCESS 





STAINLESS STEEL COLUMBIA TooLt STEEL COMPANY 
BARS SHEETS 





It will Pay You to Use 


~Z1V’S HARGUS 
OIL HARDENING TOOL STEEL 


WE ESPECIALLY RECOMMEND THIS GRADE FOR_ TOOLS 


R 
AND FO AL POSES HERE TOUGHN 
SHRINKING, NON-DISTORTION QUALITIE 


ZIV STEEL & WIRE CO. 


2945-51 W. HARRISON ST., CHICAGO, ILL. 


Erichsen Testing Machines 
Standard the World Over 
For the Determination of the Drawing, 
Stamping, Compressive and Folding 


Qualities (the “Workability”) of Sheet 
Metals. 


Know your Metal. 
Save time and save money. 


The Bock Machine Company 
3618 Colerain Ave. Cincinnati, O. 





When writing to the above companies, please mention TRANSACTIONS 
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TRANSACTIONS OF THE A. 8. 8. T. 


Undaunted by Overwhelming Odds 


will summarize the characteristics of the Seminoles. 


Ludlum ‘‘Seminole’’ Heavy Duty Chisel Steel is no leag 
capable of surviving the hardest of punishment agains 
overwhelming odds. For example, a chisel made of thi 
super-steel cut 200,000 rivets without breaking while 
numerous other tests have proven its superior enduring quali. 
ties for completely defying the heavy usage demanded of 
Bull Dies, Plate Punches and Dies—Let us tell you more aboy 
this non-battering, fatigue resisting steel that will not crack 


or break. 
LUDLUM STEEL Co. 


Watervliet, N. Y. 


ER camel 


PAP MaREAK ABLE HEALY 202 


A PRACTICAL HELP 
TO STEEL TREATERS 


ODERN PRACTICE in 

quenching methods and 
equipment is fully outlined in 
a concise little treatise on 
“The Cooling of Quenching 
Oil in the Heat Treatment of 
Steel,” which has been pub- 
lished for free distribution by 
The Griscom-Russell Com- 
pany, Dept. G, 285 Madison 
Ave., New York. 
This booklet discusses proper 
heat treatment temperatures 
and operations, explains the 
most approved practice in 
steel treating, and describes 
quenching and cooling equip- 


ment that has given the most 
satisfactory results in hun- 
dreds of progressive plants 
such as Buick Motor Co., 
Falk Co., Hyatt Bearings Di- 
vision of General Motors 
Corp., Packard Motor Co., 
and Ingersoll-Rand Co. 

The information ¢ ~‘ained in 
this booklet is autuoritative, 
being based on the results of 
half a century of experience 
in solving heat transfer prob- 
lems of every nature. Every 
steel treater is sure to find 
valuable suggestions that will 
help secure better results in 
heat treating operations. 


Ne st ek ee i 


When writing to the above companies, please mention TRANSACTIONS 
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Why is railroad traveling safe? 


Ss EVERY piece of material that goes into the rolling 
A stock of American railroads must meet specifications 
M STEEL Co. drawn up by competent engineers, Industry has come to 
N. Y. realize that to have their products accepted it must be 

capable of meeting stringent physical tests in the various 
laboratories maintained by the railroads. The traveling 

public is largely ignorant of the methods employed, but 

14) é has gradually come to feel that railroad travel is as safe 
as it is possible for human effort to make it. Riehle was 


= HEAVY DUTY the first builder of testing machines, outfitting the original 
CHISEL STEEL . : oo 
Pn emanate: physical laboratory, and today we are still equipping 





laboratories all over the country, thus contributing our 
share towards making the transportation system of 
America the safest in the world. 


— ——RIEHLE 













2n the most 

fs in hun- An Advantage 

sive plants | 

Motor Co., | All of our UNIVERSAL machines have the micrometer 

earings Di- dial screw beam and lever weighing system. This 

‘al Motors principle of correctly measuring the tensile, transverse, 

or compressive stress on a specimen has several dis- 

Motor Co., tinct advantages over the hydraulic gauge or spring 

d Co. : balance types, but only one need be mentioned. All 

- =*ained in weighing systems must originally be calibrated and 

utuoritative, periodically checked with a gravity apparatus; the 

e results of lever is a gravity system and therefore the 
experience | fundamental standard. 
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| RIEHLE BROS. TESTING MACHINE CO. 
1424 North 9th Street Philadelphia, Pa. 











‘TIONS 


When writing to Riehle Bros. Testing Machine Co., please mention TRANSACTIONS 
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e HARDNESS TESTING ~ 


SHOULD BE DONE WITH 


PRACTICAL UP-TO - DATE EQUIPMENT ON BOTH 
METALS AND RUBBER, ETC. 


Do not experiment, but demand 

the best and most approved com- 

mercial means. For Metals and 

rigid materials, send for our free 

wee booklet on the Scleroscope. For 

iad, Sidacieiedieni anil Radiance Rubber and pliable materials, 
our Bulletin R-2 is free upon request. 


Scleroscope Model D Scleroscope Model C Testing Set 


The Shore Instrument & Mfg. Co. 


VAN WYCK AVENUE and CARLL STREET 
JAMAICA, NEW YORK 


Agents in AL Foreign Countries 





When writing to The Shore Instrument & Mfg. Co., please mention TRANSACTIONS 
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GE Heat Treating Furnaces 
Guard the Quality 


of Ross Cam and Lever Steering Gears 


Anhough ostele bent 
will not — 
other forms of heat for 
industrial purposes, 
there are processes in 
every industry where 
it is the ideal heat— 
the most 

heat—the heat that 
ultimately will be 
used, 





ULTIMATELY 
ELECTRIC HEAT 


IN EVERY INDUSTRY 


GENERAL ELECTRIC 


SCHENECTADY, N. Y., SALES OFFICES IN _ PRINCIPAL 








RIC COMPANY, 
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Every day, millions of people stake their lives on the 
strength of the steering gears in their cars. Ross Gear 
and Tool Company—maker of steering gears for many 
of the world’s most famous cars—leaves no stone 
unturned to make the steering gear the safest part of 
the car. 


As a final provision, to assure the utmost safety, the 
Ross Company requires that each part of its mechan- 
ism shall receive exactly the same high degree of 
heat-treating. Since using G-E furnaces, the company 
knows that each piece treated is of the quality 
demanded by the Ross trademark. There can be no 
guesswork in the heat-treating of steering gears! 


Industry is coming to electricity for its heat—and 
to G-E equipment for applying it to the best advantage. 
Write to your nearest G-E office for information. 


81 
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BR ANANSI LENOIR) LEBEL IOS OE 


570-28C 









When writing to General Electric Company, please mention TRANSACTIONS 
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Gltbert & Barker Mfg. Co., Ggetignae, Mass., U.S.A. 


Automobile and other Alloy 
Steel Specifications are 
becoming more and 
more exacting, 


It is necessary, therefore, to use the highest grade of 


raw materials entering into the construction of auto- 
mobiles, machine parts, etc. 


In the manufacture of our various metals and alloys, 


we must use, and do use, the highest grade of ores, 
oxides and aluminum. 


Tungsten Powder 
Pure Manganese Ferro- Tungsten 
Ferro-Chromium Ferro- Titanium 


60% 
Ferro-Vanadium 35-40% (1% Silicon) 
Send for Pamphlet No. 2021 


METAL & THERMIT CORPORATION 


Chiegs’ 120 Broadway, New York City Sen Fre 


Toronto 
Boston 


Pure Chromium 


When writing to the above companies, please mention TRANSACTIONS 





ADVERTISING SECTION 


VZNGYZANIN 


FURNACES 


THE MASTER PRODUCT OF 
1 SPECIALIZATION 


The HAGAN car type annealing furnace il- 
lustrated was installed in a large Ohio Steel Plant 
for heating alloy and carbon steel. With a daily 
production of 15 tons, this Hagan Furnace is earn- 
ing liberal dividends to its owners just as hun- 
dreds of other Hagan Furnace installations are 
doing throughout industry. 

Because HAGAN Engineers are widely recog- 
nized as authoritative in industrial furnace con- 
struction and design, it will pay you to have an 
analysis made of your furnace requirements. 


GEORGE J. HAGAN COMPANY 
Chamber of Commerce Bldg. 
er Alloy PITTSBURGH | PENNA. 
1s are 
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When writing to George J. Hagan Co., please mention TRANSACTIONS 
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Heat Resisting Alloys? 


We produce four regular and two spe- 
cial grades. 


Do You Use 


Electrical Resistance Grids? 


We produce three types of Alloy grids 
and two in Synthetic Cast Iron. 


\ 


Do You Need 


A special material to meet 
a particular requirement? 


We. have a special laboratory and or- 
ganization ready to help you work out 
something especially suited to your job. 
We are ready to serve you. 


Progress is the Product of Collective 
chievement 


The Chrobaltic Tool Company 


1501 E. Ferry Ave. 


ee DETROIT, MICH. 1701 Arch Street 


Philadelphia, Pa. Yy YY 
Mr. J. W. Mull, ZJr., 


d 4orenzo Norvell Co., Mr. C. K. Kelly 
Board of Trade Bldg., Chemical Building 344 Norwalk Ave., Y 
dianapolis, Ind. St. Louis, Mo. Buffalo, N. 
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When writing to the Ohrobaltic Tool Company, please mention TRANSACTIONS 
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Microscopes in Metallurgy 


F you are looking for a 

microscope to aid you in in- 
creasing production and elimi- 
nating waste, you'll find it 
worth your while to investi- 
gate the Bausch & Lomb equip- 
ment. 


The FM Microscope and JM 
Camera with illuminant (as il- 
lustrated) are extremely prac- 
tical and efficient for making 
routine examinations and per- 
manent photographic records. 
The camera can be swung aside 
so as to permit direct inspec- 
tions and focusing. Either 
camera or microscope can be 
used separately. 





























This outfit is ideal for the use 
of those laboratories and fac- 
tories that do not need a large 
research instrument or where 
expense of installation is a vital 
factor. 


For further information write 


BAUSCH & LOMB 
OPTICAL CO. 


663 St. PaulSt., Rochester, N.Y. 





SACTIONS When writing to Bausch & Lomb Optical Co., please mention TRANSACTIONS 





TRANSACTIONS OF THE A... 8. T. 


CHAR 


Carburizing Compounds 





Clean 


—because a carbon coating seals the chem- 
ical energizers within each grain of com- 
pound so that they cannot escape and dust. 


Reliable 


—because the coating retains the chemical 
energizers within each grain, thereby in- 
suring the retention of carburizing activity 
over successive runs. 


Economical 


—because of low initial shrinkage. 


—because only a small amount of new com- 
pound need be added in the working mix- 
ture to give the same carburizing activity 
over successive runs and to maintain 
volume. 


mma om 


CHAR PRODUCTS CoO. 


1616 MERCHANTS BANK BUILDING 
INDIANAPOLIS, INDIANA 


When writing to The Char Products Company please mention TRANSACTIONS 
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ANSACTIONS 
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"ao ONLY one match, boys, But whatever it is the human 
but what’s the odds—let the frailty of taking chances is with 
three of us light off it at once— 
bad luck can’t strike all of us, so ‘ath 
the percentage chance is good.” of Darius Green. 


us as strong today as in the days 


That’s the way a lot of people If this were not the case “Ni- 
figure:—they take gambles on the 
percentage basis—or they use hope a a ae ar 
to bolster up foolhardiness. Oy ORS ae. eee 


chrome” Castings would be the 


DRIVER~-HARRIS COMPANY 
HARRISON, NEW JERSEY 
Chicago - Detroit Morristown, N. 2 France . lraly 


TRADE MARK REG. U. S. PAT OFF 


-the castings of proven performance 


—————— 


When writing to Driver-Harris Company, please mention TRANSACTIONS 
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| /producible uniform results 
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THee only: bly for Hong. ‘Fiensiing, thith doa alex bred down > J 


with long ee nor cause decarbonization. ) 
Heat treating in a; ‘at any temperature means re- 


bringing forth a surface’ unchanged, 
decarbpnieing, | 


tion or 


TEMPERING | LAVITE - a 21°F. —1200°F, | 


Tempering Eaviee i is a clean stable liquid throughout ‘ie i 


wide range. It does 


not fume, volatilize or deteriorate with use. 
No other tempe medium 


consistent reproducible heat relateee, 


CARBON: LAVITE — 1000-F—2000°F. 


Cache Lasits $ oe lees siete. Sor beating. earbotfnd 


alloy tool steels ‘n gea 
drills, stamping dies row Tie 3 auiken cleanest nent: 


without warpage. or decarbonizing 


ANNEALING LA\ 


venaeee 1000°F —2000°F, 


To anneal ferrous metals sod as steel wire in production © 
ton lots, or non-ferrous metals, as gold jewelry blanks in 


ounce lots, Lavite is the ideal heating medium. Different 
grades are used for different metals, Copper, Nickel, Nichrome, 


Monel, Sterling,” ald, SeiLC: MAAS, Brass; Bronze or teow Bs 


Silver, 


HIGH SPEED LAVITE - — 1150°r —2500°F. 


High Speed Lavite has: ‘a’ temperature range of 1750 to 
2500°F. It is a used at temperatures from 2000°R to. 


2400°F for. the ening of high speed steels. 


If you are al + havin user, there may be still other appli- 
cations of La Sta “yams thieg Chalk welll Gave woe indedly ond m- 
prove your ret. Let us*tell ve how others are applying 
Lavite on similar work. - 


Correspondence solicited, 


penne CONN. 


‘in the shortest «practical | ‘time, © 
HO, pee ‘pitting, oxida- a 


has these advantages. Lavite 
tempering bc ay 0 Ar uniformity, peeaineey economy and . 


Literature on nequest. git 
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ENTHUSIASM 


7 you have ever talked carbonizing compound. 
with a user of Bohnite you have found that he _ 
’ was an enthusiastic booster. 


No half-hearted faint praise. 

_No “Oh it’s all right” attitude. 
He'll tell you how GOOD ‘it is. and what great 
work it has done for him. : 


HE KNOWS. | a 
We seldom find this. feeling among users of other © 
compounds. They tell us the compound they are 
using is “all right.” They are having “no trouble.” 
They “see no reason to change.” But they have @ 


nothing to enthuse over. ‘They don’t know what.” 
a good compound is. 


DO. YOU? 
You do if you are using Bohnite. 


Made only: by 


THE CASE HARDENING SERVICE CO. 


|. 2281 Scranton Road “+ Cleveland, O. 


It's What You Get Out Of It That Counts. 
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